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Preface to the English Edition. 

^j^HE illierest whicli my work, ‘‘ IJiibhei-, (iiiita-jx'rchii and 
Balata ” (18i)9, B. F. Idcipzi^), aroiiscal not only in 

(lerinany, l)iit also in Anun’ica and iMi^land, li:is led to many 
ro({ii(\sts to publish tlu' hook in an Mn^lish translation. 1'h(' 
oilVr of Messrs. Maclarcn A Sons of Jjondon dt'cich'd nu' to 
a*i[^rc'(.'. to this |)ro})osal, and Mc'ssrs. Maclaren hav(’ acapdraal 
tlie })nl)!ication rights for tin* I'in^’lisli (‘dition. ddic last lew 
years have lar^xdy addial to oiir stort' of knowledge (m the 
suhjc'ct, ])arti(*idarly wit h regard to the eoiintrii's of pi'odiietion , 
and we are able to eoireed. and amplify the res('arehes and 
i]iV(‘stigations of Sceligmann and otlier prominent e,\p(‘rts. 
ddiis has led me to n'visc' tlu* hook, so that probably it now 
contains all the facts which have* come to light sinc(' its ii?‘st 
pnblication . ddnis th(‘ hhiglish (alition has its oi’igin, and 1 
can only hope it may me(‘t with a sindlar r('c<'ption and the 
same goodwill from all those inten'sted in the siihj('ct as the 
first German edition., 

FilANZ CLOUTTT. 

Cologne- Nippes, October 1903. 



Preface to the German Edition 


As niy ()iil)Jif:iti()ii of 1873 and 187d met willi a ^ood rt3cepti()n 
J have d(‘cidcd to publish a larger and more comprehensive 
work, broiiglit up to date, in which everylliing worth knowing 
about indiarul>h('r and gutla-perclia is exhaustively dealt with. 
Amongst the publications issued during the last lifteiui years 
(hailing with the lah'x of [)Ia]its, which have attracted attention, 
ar(' the JAnglisli woiks by Collins and Dr. Engen Obach, and the 
work by the chi'inist, d’h. Hecdigmann (180(C I’aris, f., hh‘itsch). 
]n Seeligmamrs book 1 found much vahiabh' iiiforjiialion as to 
the collection and production of indiarid)ber, !ind this led me to 
ask the author for |t(‘rmission to us(‘ this mati'rial in my m^w 
work, ddiis r('(pi('st was n'adily and courleoiisly granti'd. In 
this way IIk' work had its origin. Ih'sifh's tlu' mal('!aal already 
in my possession, collectc'd dui’ing thirl v-tive yiaars of study. 1 
hav(' also tlu' \'aluabl(‘ assjstanci' of my business co-woi’ker, Mr. 
I'ritz Zileken of (*ologne, Jt is to be lioped that it may be a 
service to the circk's interest('d in the lab'X of jilants and its 
('mploymi'iit. FlvAXZ C'LOl^TJd. 

Coi,oux]>Niei'Ks, Dcccinho', 18!)8. 
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INDIARUBBER. 


I.— Introduction — Historical. 

t)F all the important trees which were made known to us by the 
great phytographical discovcM'ies of tlu* fifteenth and sixteenth 
centuries, the rubber tree is one whose extraordinary value has 
been recognised only in the latter half of the nineteenth cen- 
tury. Columbus was acquainted with the [)eculiar properties of 
a few rubber-producing t)Iants and mentioned these in his re- 
ports, but there was a la[)3t‘ of over three hundred years before a 
proper use w’as made of this valuable material, which is now' the 
basis of a great industry. Even then the employment of the 
material increased slowly, and it was put to ujany other and 
quite different purpos('S than those which have l)eeri found use- 
ful in later times. The year 1839 marks the turning-point in 
the history of caoutchouc ; since then the employment of it has 
steadily increased and the progress of the trade has been phe- 
nomenal, new' uses being constantly found for the material, 
until to-day there hardly exists a product of nature which is 
more universally employed than caoutchouc. With the grow- 
ing industrial use the trade in crude rubber naturally also in- 
creased, and it is now^ one of the most important raw' products 
in the World’s market. The planting of rubber trees and the 
colleftion of rubber has also become one of the foremost colonial 
problems, and will undoubtedly prove to be an excellent source 
I of profit for tropical ahd semi-tropical climates. 

The material wais first mentioned in literary history by 
Gonzalo Fernandes d’Oviedo y Vhaldas in his “Ihuversal His- 
tory of the Indies ” (Madrid, 1530, vol. v. , chap, ii., page 165). 
He describes the Batos game of th(‘ Indians which is “ like a 
‘game with balls, although played differently, and the balls are 
of other material than those used by the Christians.” After 
hififi corrkcs.the Jesuit Father Charlevoix, wdio describes the 
”3ato8 ” as a kind of ball of a firm but extraordinarily porous 
and light material : ” The ball jumps higher than our i)alls, it 
drops on tlA ground and bounces again much higher th#n Uie 
hand which threw^ it to the ground; it falls again, :gses anew', 
(although not quite so high), aifd the height of the jump be- 

A 
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comes slowly "less and less.” Antonio de Herrera Tordesillas 
(born 1549 at Cuellar, died 1015 at Madrid) improves the reports 
in his ” Universal History of the Travels and Expeditions of 
the Castilians,” and here for the first time the word “gum ” is 
mentioned when referring to th(‘ balls used by the inhabitants 
of Haiti. The same author remarks (when referring to the 
peculinrities of “ gumana ”) that trees exist in this island 
which, when tappeal, produce a milk which changes into a white" 
gum and which has an agnvable smell. Juan de Torquemada 
also numtions in his works “ De la Monarquia Indiana ” 
(Madrid, 1015) the use of elastic balls, and he gives the tree 
which produces the material the name “ Ulaquahuil,” or Ule 
tree, a description which is still in use by the natives of Mexico 
when they refer to the Castillod niarkhaniiana , the Castilloa 
clasticih and ordinary rubber. The Spanish conquerors used the 
material for greasing or painting their limm coats and to protect 
themselv(\s against rain ; the* water did not penetrate, but the 
sun rays had a)i evil effect on these garments. 

In the UK'antinie a few samph's of the material had been 
brought to Europe and graced the collections of the curio 
hunters of that time. The samples were very expensive, one 
guinea being paid for an ounce. 

Two Frenchmen, the scientist Charles de la C'ondamine and 
the engineer E>esneau, must lx* credited with having made 
known the new product and fixed its real origin. To solve the 
much discussed qix'stion of the shape of tlx* earth and the 
oblateiK'Ss of the poles, tlx* Paris Academy sent out two ex- 
peditions in 1731, to visit tlx* (‘quator, oix* being under^ the 
direction of La Condainiix*. La Condamine was not only a 
mathematician, but also ;i naturalist : he studied the agricultural 
and zoological aspects, and also the natural products of Peru and 
Brazil, and we ow(* to him the discovx'ry of quinquina (Peruvian 
bark). In 1730, a short time afh'r his aiaaval in Quito, he sent 
the Academy a few rolls of a l)lack-looking r('siix)us material 
which was known urxler the name of “ caoutchouc.” With the 
material he sent a report in which he says, “In the forests of 
the province of Esmeraldas grows a tree called ‘ heve ’ by the 
natives ; when the bark is slightly cut a white niilk-fike fluid 
runs out which hardens in the open air and becomes black. 
The lyitives make lights of it which burn without ci wick and 
ar^ very bright. ... In the province of Quito linen material 
is covered' with this resin and the linen is used like oilcloth at 
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home. . . . The same tree grows on the banks of the Amazon 
River, and the Mainas call the resinous fluid ‘ cachuchii.’ They 
make shoes of it which are waterproof, and when thc'se shoes 
are smoked they have the appearanc(‘ of leather. The natives 
also cover moulds of earth, in the shape' of bottles, with the 
material, and whem the resin is dry they smash the mould, take 
the pieces of earth out through the' bottle iK'ck, and have, then, 
uh imbreakable l)ottle which is vv'rv useful for pn'serving all 
kinds of liquids.” 

In later commnnications Ra (’ondamine mentions the pc'culiar 
use of the caoutchouc by another native tribe. “ The Amagnas, 
a tribe living in tlu' middle of the American continent, oti the 
banks of the Amazon Jxiver, make a, still more curious use of 
the resin. They make pear-shaped bottles, on the neck of which 
they fasten wooden tubes. Pressure on thci bottlt' sends the 
liquid squirting out of the tube, and thi'se bottk'S resemble 
syringes (senrujur.^)/' Here is to be found the oi’igin of the 
nami' which th(' Portuguese gave th(' tr('e supplying the rubber ; 
they call it Ikao d(‘ Siringa, and the people collecting the 
materia] are seringa rios. 

Owing to his other prolessioual and sei(‘ntiric studies La 
Oondamiiu' could ])ot conlinue his rc'searches regarding the 
caoutchouc tree, and the investigations would probably have 
sto[)ped here had it not been for the engim'i'r Fresneau, who 
had taken up liis abode* at ('ayenne and was a wise* and untiring 
eedlaborator of Jai Condamine’s. Frt'sneau, who seems to have 
forcsce'D the future importance e)f caoutchouc, searche'd for the 
e)rigin*of the tree* and Ibunel it after long inquiries by the ('ous- 
saris. In a letter addressed to Tja Oondamine, he gives the 
^Iiaracteristies e)f the e’aoutchexuc tree anel te'lls at the sanies time 
how the Indians jwocure the eaoutche)uc. Fre'sne'au wilte-s : 
” The lower parts of the tr(*e trunks n'quire to be cleaned, and 
next vertical cuts at a slight angle an* made, these cuts Ix'ing 
deep enough to (h'stroy the bjiik. 1dic cuts are so arranged 
that the higher stand exactly over the lower, so as to k't the 
milk run from oiu' into another. On tlu' lower part of the trunk 
is a*leaf oi the Jndian cane ((’(nine indicn) through wliich the 
fluid is collc'cted and conducted to a suitabk' r('C(‘])tacle. To 
use the milk-like fluid of the dilTerent tret's mentioned, idl of 
which contain resins, a suitable form of clay is made. luecel^ 
of wood are inserted in the form on the part which ft is not 
intended* to cover with the mill?, thus keeping an opening 
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throu^^h which the clay can be extracted by making it soft with 
water. When the form has been made and glazed with waiter, 
the milk-like fluid is smeared over it with the fingers, and the 
coat of fluid dried over a smoking fire by low' heat. The form 
has to be turned coiitiniially during the drying process to keep 
the coat of equal thickness. Care must be taken that the flames 
do not touch the coat as it w'ould boil and thus envate little holes. 
As soon as the first layer beconu's yellow' and does not stick tfi 
the fingers, a second layer is add('d, and the same method fol- 
lowed until a coat of sufficient thickness has been arrived at. 
The coat is then held closer to the fii-(‘, to let the waiter iwaporate 
and to retain only the elastic n'sinoiis matter. The coating be- 
comes stronger if more layers an* addial. rjinim material, pre- 
pared with this juice, might be uscal for watiTproof sails, divers' 
hose, boxes for firemen and other purposes, bags for keeping 
food, etc., and no fear neial be entertained that thi'se materials 
w'ould acquire a disagreealile smell. But thc’se goods can only 
he producial where the trees grow, as the juice dries very easily 
and its fluidity is then gone.” 

The; reports of La Condamine and Fri'sneau induced the 
French botanist Fuset-Aublet, in 17’2(), to go to Guiana. Tw'o 
years later he published a work about th(‘ floi'a of Guiana, in 
which the caoutchouc, tree is di'scribed from a botanical point of 
view, and where it is given the name If crea Cfvyanensis. James 
Howfson, of the Princi' of Wales Islands, discovered first the 
genera, giving “an elastic gum wine,” which Boxburg calls 
Urceohi eJastica ; Boxburg also discoven'd forests on the Brah- 
maputra in Assam where Ficus clastica abounded. Coffigny 
describ(*d later a wine-like plant at J^fadagascar which is classi- 
fied with th(‘ jessamine and syringa and gives, like the others, a. 
milk-like juice, wdiich, when dry, supplies a rt'sin not unlike the 
caoutchouc. 

IFiring th(‘ time' the botanists w'cre enijiloyed in finding the 
origin of the plants, the chianists were studying the new' resin, 
and at last succeedi'd in dissolving it. Herissant and Macquer 
in 1768 both presmited the Paris Academy w ith a report upon 
the results of their research(‘s, and eacli l•ecomm(‘pdt‘d tur[|en- 
tine, pure ether, and dippel oil as a means to dissolve the resjns, 
wffiich w'crc not affecti'd liy wati^r and alcohol. They suggested 
aji tlta samoctime the usefulness of the gum solution for the 
production of medical probes and small tubes such as are used 
in laboratories. The English chemist IVii'stley, in 17J0, drew^ 
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the attention of English scientists to the use of caoutchouc, and 
he recommended the material for rubbing {)nt ]iencil marks. 
This method of using caoutchouc was introduced into France by 
Magellan in 1772, and since' 1775 it has been possibh* to buy 
small cubes of caoutchoiu^ in stationers’ shops, which wc're 
called “ indiarubber ” in hhigland and “ peaux de negres ” in 
JTanco. The word “ indiarubl)er ” thus found its oi'igin, and 
its use has been retaiiu'd to the p7‘('sent day. d’he researches of 
the French chemist Jk'rnard (1780) perfected the woi’k of -Mac- 
quer and Herissant, who had alre'ady suggestc'd other [)in’pos('s 
for which tlie elastic gum would proV(‘ suitable. Fanjas de St. 
Fond made expc'riiiu'nts with a variety of as])haltuni or lutumen 
which he found in the mines of Fastleton, and he dc'seribes tins 
material as “ iniiu'ral caoutchouc" which "has nothing in 
common wdth the other matc'rial." ]'\)nci'oy, Bertholk’r, and 
(jiobert took also a gri'at intc'rest in the elastic gum. Jlrossart 
made' known the most simple method of making tubes, bottles, 
and other goods for jdiysical, surgical, and hous('hold use out of 
Brazilian caoutchouc. To make littk* tubes Ik' cut tlie bottles in 
strips of suitable shaf)e, softeru'd llu'se by keepiiig thc'Jii half an 
hour in ether, or a littke longer in a volatile oil, theji rolled the 
strips round a spindle and com])ressed the caoutchouc by nu'ans 
of a tightly wound S{urai of rope. During tlu' drying the sur- 
faces were united, and the article rec('ived and ket)t tlie intended 
shape. 

Here must also be nu'iitioned the less successful n'searches 
and tests of Besson { 1 791) , dohnson (1797), (’ham])ion (1811), 
andVlai’k (1815), wlio trit'd but did not succeed in making a 
caoutchouc; solution for tlie pur[)ose of waterproofing garments. 
About this time the Imiglish manufacturer Nadier invented the 
method of cutting the caoutchouc into threads and making these; 
elastic tissues which superscuh'd the method of making the thin 
elastics with the aid of l)i’ass ('oils hitherto in use. (Miai-les 
Mackintosh used, in 1823, benzine for the diss(jlving of caout- 
chouc, and by this he created the watc'rjrroof industry, which 
has been named after the inventor. 

•In 1882 Chaffee A Haskins of New York founded the Eoxbury 
India Rubber Company with a ca|)ital of $300,000, which was 
later on increased to $400,000 for the sole purpose of turning out 
waterproof garments. They ])rodiiced large quffntities^duwng 
the winter 1833-31, but the products did not ])r()ve si^tisfactory , 
and thfe firm was forced to accetH the return of the goods. 



6 


Rl'BBER, CU TTA-PERCHA AND BALATA 


TJic practical use of the clastic material still offered many 
difficulties. It could not easily be worked; it required a par- 
ticular machinery, and the still unperfected methods for dis- 
solving^ th(' raw makudal made it difficult to give the goods the 
required shapi's. 

These difficulties were partly overcome in 1830, when (con- 
tinuing till* researchc'S of ^riiomas Hancock) it was found that 
if strips of cut and rolled-out caoutchouc wc're enei’gi'ticariy 
worked under a high temperature, the caoutchouc became a 
very tough material, which lost, for the moment, its elasticity, 
and could he moulded into any shape or form desired, llattier, 
Criiihal, Aiibert, Gi'rard, and othi'rs continued the I’esearch from 
these points of vi(*w with gratifying ivsiilts, and the new in- 
dusti'y began to make remarkable p?'ogri*ss. 

The existence of the industry would, in spite of this, have 
been ri'udered very precaiaous had it not bei'ii for another inven- 
tion which surpassed all others in importance, d'hi* natural 
caoutchouc has, besides its inqiermeability and its gri'at elas- 
ticity, a third property, rndi'r a normal temperature it is 
exceedingly adhi'sive and sticky, espi'cially to itself. These 
properties increase with a higher tempi'rature, and the material 
is cohesive and pitchy, at the same timi* giving oil a very un- 
pleasant odour which is not notici'able when it cools. The 
rubber becomes brittle and lireaks when strained. Tf oiu* thinks 
of the garments made* with the use of caoutchouc, or of shoes 
made out of the raw material, by methods such as were in use at 
that time, the disadvantages of these properties are obvious. 

The German chemist, Ludersdorf. noticed in that 

sulphur dissolved in turpentini* took from the caoutchouc its 
glutinousness and visco.sity, and at the same time Hayward, ai\ 
American, used flowers of sulphur for lessening the adhesive 
property of tlu* raw material. Neither of the two continued 
their researches, but were content with their half-success until 
the American, Goodyear, succeeded in 1839 in solving the 
question and producing with (‘aoutchouc and sulphur a material 
which did not })r(*ak at a low', and did not becomi' sticky at a 
high temperature. , . c 

Charles Goodyear (born 29th December, 1800, at Newhav/^n, 
Conn. ; who died 1st July, 1800, at New York) took his first 
ic^eas(^rom tho Roxbury Company, in whose interes'fs he started 
his researches. He worked with all the energy of an inventor 
to Slinolv the solution to this lY-ohlom ludiovlncr it m 
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in time to produce a good combination of caoutchouc and sul- 
phur. Although, at first, he did not lack financial support, and 
even later found ready pecuniary help to turther his investiga- 
tions, in the end he expended his whole fortune in the search, 
being reduced to such a condition that his family lacked the 
necessaries of life. It took him over ten years to find the right 
paethod, but at last he was able to present to the world a most 
valuable invention. Goodyear’s method consisted in mixing 
the caoutchouc with pulverised sulphur and subjecting the mix- 
ture to a high temj)erature. The process is called “ vulcanisa- 
tion,” and the caoutchouc thus to'ated becomes ” vulcanised 
rubber.” Vulcanised caoutchouc retains its elasticity in high 
temperatures (up to I'liP and also in low temperatures 
(down to do® (k, and less), besides olfering greater resistance 
to chemical influences. 

The invention of vulcanisation gave suddcuily to the caout- 
chouc industry an unlimited field of action, and during the 
following twenty years almost every day saw the biidh ofa new 
invention or a great imiu-ovement in the use and [)r()duction 
of material and goods, Goodyear [)atented vulcanisation l)y 
mechanical means, and his co-worker, th(‘ Englishman 
Hancock, patented in 1<S71 the vidcanisation method in a sul- 
phur bath. The chemist Parkes invented an improved method 
for dissolving caoutchouc in lH7d, by means ofa new matcu’ial, 
bisulphide of carl)on, and took out a patent for ‘‘ cold vulcaidsa- 
tion ” or vidcanisation with chloriib* of sulphur. \V(‘ owe to 
the saiiK'- scientist the first steps to the invention of the desul- 
[diuAtion of the vulcanised rubber scraps. Augustin G. l)ay, 
in 18o8, took out a i^i'W patent for an improved vulcanisation, 
•and Gcu’ard jiroposed to use sulphur contained or used with an 
alkali for the vulcanisation of thin goods. The last invention of 
great importanci; was Goodyear’s method for making hard 
rubber. He succeeded in producing a horny material like 
whalebone or ivory, by increasing the amount of sulphur in the 
caoutchouc before vulcanising. 

Here must also be mentioned Hancock’s patimt for the pro- 
duction bf Viibber goods in moulds, taken out in 1810. This 
ir^ention, along with vulcanisation, is the basis of all the 
modern ru)jber productions, and tlu; two methods gave^ise to 
the sudden growth of an industry. 

In these historic nuniniscences of the caoutchoii^, industry 
one must not forget to mention the experiments made during * 



8 


RUBBER, GUTTA-PERCHA AND BALATA 


the lust t(‘n ye;irs tf) re^^('nerjite tlie viilcanisccl caoutchouc and 
to fn‘e it fVoiu th(‘ sulphur and otlu'r uiixiji<jf materials. There 
have also been coutiniied trials to liiid (‘ither a perfect substitute 
for raw nibl)t‘r.or at h'ast an addition which would supplant the 
raw material to a ^tvat extent, hi both directions many reliable 
and useful improvements have been made, but a solution of the 
problem has not yet been found, neither caji any one of the in- 
ventions in this connection be described as of c^reat'importance. 





II. — Natural History. 

The etymology of the word caoutchouc is carried back by La 
C'ondamine to tlie language of the natives of PLmeraldas, the 
north-eastern provinces of the prescnt-day Houth American 
republic of Ecuador, and the origin is the Tuka word “ cachu- 
chu.'’ The Spaniards turned the word first into ‘‘ caiicho,” 
also “ cautchuc ” ; the Italians calk'd it cautseliouc,” and the 
(fermans “ Kautschuk.” The Spaniards also gavc^ it anotla^r 
term, “ serringa,’’ which the Tortugese spell as “xirringa.” 
In a'ddition to caoutchouc the Jtalians call it also “ gomma 
elastica ” after the Latin “(lummi elasticum,’* from which 
source comes also the short French word “ gomme ” and the 
(hn’jnan “(fummi.” Thi' French designation “ jieaux de 
iiegres ” (negro skins) is obsolete. 

Caoutchouc is a vegetal)k‘ hydrocarbon made from the sap 
secreted liy tlie ])rotoplasm of th(* so-called intercellular veins of 
a large number of trees, shrubs, lianas, and several kinds of 
grass growing in trof)ical countries. The principal veins of tliis 
cellular texture rest in the interior rings of the bark, but re- 
moved from the vascular system and the hardened libre cells, 
^vhere such are to be found. They send numerous branch veins 
either through the bark towards the (‘xterior, where thi'y end 
close to the surface, each in the nature of a cxiUlc-sac, or, what 
happens less fri'quently, they go through the inner skins and 
tht? radiations of the pith to the ])ith itself and the interior, on 
which periphery they continue longitudinally. Created by the 
protoplasms, the hydrocarbon is, according to the views of 
several natural scientists, no longer necessary to the life of the 
plant after it has reached a certain age. Other scientists, on 
the other hand, believe that the hydrocarbon is required by the 
plant to supply a certain amount of nourishment. 

According to O. David, the milk-containing veins of the 
rubber plants are single inflated cells, running longitudinally, 
•with fniWierous branch arms to all the tissues of the leaves. 
• These ramiheated milk-veins are not fibre but fill tissues iimren- 
chy ma) ,^yhich observations by David have been substantiated 
by the microscopic researclies of Tetul, who iR 18G5 faidthesoi 
views before the Paris Academy of Science. 

When a cut is made in a ruBber plant, a sap, like goat’s mfll?, 
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runs out, which is called “ latex.” Tf the sap is properly 
treated, tin' microscopic globules separate and become ii firm 
substance, which at th(‘ first is more or less white. The globules 
have, according to Adrian, a diameter of 2.3 micro-millimetres 
(1 micro-millimetre ^ X( 57 >T) millimetre). If the latex is left un- 
attended, the globules soon s(‘parate tlKunselves from the watery 
fluid, and are. like cream on milk; in narrow vessels they , 
appear as flakes swimming in the water. 

The properties of tlu* latex are as follow : It has the density 
of cream, smells a little like' amber, and mixes with water but 
not with naphtha or any otlu'r fluid in which caoutchouc can be 
dissolved. The sf>ecific weight fluctuates be'twecn 1.02 and 1.4, 
whereas that of caoutchouc is 0.930 to 1.03. The amount of 
pure caoutchouc contained is equally fluctuating : the best latex, 
from Para in Brazil, contains — 

Pure caoutchouc 32 per cent. 

Albumen and mineral contents ... 12 ,, 

Water 50 ,, 

Milder climates produce a prolific numbei’ of plants with a 
milky sap as well, but this sap contains either no caoutchouc 
or only very insignificant (piantities which cannot be used in- 
dustrially with any advantage. It can theiofore be taken as an 
axiom that the nettle (nrtica), poppy ipapaver), lettuce (Jar- 
tuca) and fig {Ficus carica) plants of our climates cannot be 
consid(‘red as caoutchouc plants, and as far as the caoutchouc 
industry is conccuaied, they are of no direct use. Only the 
tropical and semi-tropical climates between the 30th degree 
northern and the 30th degree south(‘rn latitude, or, to limit fhe 
field still further, only the inter-tropical area, produce's plants 
which are of any service for these purposes. There, parallel 
with the equator, is a belt 800 kilometres, or about 500 miles, in 
width, which has all the jireliminary conditions for rearing 
caoutchouc plants suitable for the industry. The climate is 
warm and moist ; the tenqx'rature fluctuat(‘s betwei'ii 80° and 
105° F. ; and the average rainfall is 81.3 inches per annum. 
The caoutchouc plants growing in this area belong to different 
botanical families, comprising mainly the Euphorbiflcefe, the* 
Artocarpeie, the Apocynacea*, and the Asclepiadea. But even* 
with these families a difference has to be made regarding the 
^quaijtitv^arid qutlity of the caoutchouc produced. 

How the ^tal production influences the caoutchouc market, 
wkat circumstances react on the production from, and whalt are 
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the reasons for the better or inferior quality of caoutchouc, are 
points which will be considered later. It is first nc'cessary to 
take into consideration the latex-producing plants and to 
describe them botanically. The following tables give in a con- 
densed form the names of th(‘ known caoutchouc plants, and the 
geographical maps show’ the areas in which the dilTerent faraili('s 
occur. 

The caoutchouc plants (‘an be divided into the four following 
families : — 

1. The Euphorhiaceec. 

Heveas, Micranda, iNfanihots. Euphorbia. 

2. The IJJmacece (a genus of the Art('>carpeaO. 

Several species of Castilloa, Ficus, Artocarpus, and Cccropia. 

3. The Apocynacece, 

Landolphia, Urceoles, Dijerea, Hancornia, Cameraria, 
Parameria, Leuconotis, Artodendron, Alstonia, Chone- 
rnorpha, Kickxia, Carpodinus, Clitandra. 



Fig. 1.— Kickxia Africana (see page 39). 
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Tabular Synopsis of Plants 


Genus. 1 SrECir.s. 

I 


SWONVMA. 


Local Name- 


Botanist. 


Hcvea | Hevca giiya- 
(Siphonia) iieiisis 


Siphoiiia clas- 
tiea 

.Litropha clas- 
tica. 


Xirringa 

Heve 

Cahuhu 


Hcvca Spni- 
ceaiui 


Siphoiiia sprue. 


Hc\ ea lutca 


I Siph. lul. 

I ,, apiculata 


Long • leaved 
Xir. 

Short - leaved 
Xir. 


1. Euphop 

Auhlct, Linn6, 
Schreber 
PcrSjWilld., Ki- 
chard, Gine- 
lin, Fuss 


Muller von 
A a r g a u, 

Benth. 

Miillcr V. Aarg. 
and Sprue. 


i 

I 

I 

Hevea bra- I Siphonoides 
siliensis | bras. and I 
i Siph. liunti- 1 
i ana i 


Hevea rigi- j Siphonia rigid, j 
difolia I 


; Hevea brevi- 
folia 


Miillerv. Aurg. 
Mark and 

F)enth. 
Hunt, Willd. 


Miillerv. A^irg. 


Muller V. Aarg. 


j 

Hevea apicu- 
I lata 

I f 

i Hevea con- 
I * fusa 
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supplying Caou tchouc. 

Wherk Founi,. 

Amkrica. Africa. | Asia. j Ai;str. 

biaoea 


• Brazil, llio Ne- 
gro, French 
and English 
Guiana, Peru, 
East Ecuador, 
Bolivia, Ven- 
ezuela 


Para, Tapajas- 
mautli I 


Brazil (Rio 
Negro, Cassi- 
quiare) 


Brazil, Para, i 
Venezuela ! 


Cqjombia, Rio 
Naupos 


Brazil (Rio ! 
Negro, Cassi- 1 
quiare) I 


British Guiana | 


Aceliniatised at Re- 
union, Ceylon, in British 
India, Cochin-China, 
Tonkin, Annain. 

^ Stem 50 to 60 feet high, 
2 to feet in diameter; 
thin grey bark; white, 
light wood. 

Stem smaller, as the 
Hcvca brasiliensis. 


j Stem 70 feet, leas latex 
as H. br. 

These three species dif- 
fer little. The latex of 
the H. lutea gives black 
spots which cannot be 
rcmiovod from linen. 
Very elastic and strong. 

Stem 60 feet high. 
Supplies mash latex and 
best caoutchouc. 

Much milky sap. 80 
feet high. 

Slender, high shooting, 
thin stem with thin 
smooth bark ; strong 
fragrant flowers. Gives 
little latex. Dr. Sprice 
says that stem reaches at 
San Carlo 100 feet in 
height. 

Stem 25 feet high, hori- 
zontal, wide, branching 
boughs. Little latex. 
Caoutchouc not very 
elastic. 
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Genus, 

SrF.ciEs. 

1 Synonyma. Local Name. 

1 

Botanist. 


Hevea dis 
color 

i Siphonia 
i color, 
i cranda 
i nata) 

i 

dis- Xirringa de 
(Mi- gasso 

ter- 

Muller V. Aarg. 
and Benth. 


Hevea mcin- 
bracena 

1 

! 

i 


Muller V. Aarg. 


Hevea pau* 
ciHora 

1 

1 Siphonia 

1 cifolia 

pau- 

Sprue., Benth., 
M. V. Aarg. 


Hevea Ben* 
thamina 



M. V. A. 


Hevea Ca- 
outcha 


Para blane, 
Virgin Sheets 

Gmelin, E 

Carrey 

Micranda 

Micr. major 
„ sipiio- 
noides 



JJenth 


„ minor 




Manihot 

(Maniok) 

Manihot 

Glaziowii 


Manisoba 

Leitera 

John Smith 


Sapium big- 
landulau- 


Lechcro 

M. V. A. 


siim I 




Euphorbia 

Euph. rhip- j 
saloidcs i 

1 



Welwitsch 




I 

I.— Ulmaoese 

Castilloa 

Cast. eJastica I 

i 


Ule tree, Ule- i 
quahil, Ule- 
q u a h u i 1 1 , 
Hule, Jebe, 
Tassa 

Cervantes 
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Where 1 

^OUNU. 

i 

America. 

Africa. 

Asia. 

1 Australia. 

Orservations. 

Upper Amazon, 
Rio Negro, 
Rio Nan pcs 



j 

1 


• 

Colombia, Up- 
per Amazon, 
Rio Naupcs 



! 

j 


Engl. Guiana, 
Colombia, 
Rio Naupcs 
(mountainous 
part) 




Very strong stem, 40 
to 50 feet high. Very 
rich in sap. 

Upper Amazon 
(Brazil), Rio 
Naupes 


( 



Jlrazil (Matto 
Grosso) 




„ (Amazon) 




1 

(^ara 

i 

1 

1 

j 

Acclimatised on the 
coast of Gabon, in the 
Congo, Ceylon, German 
East Africa, etc. 

e y e z u c 1 a 
(Aragua Val- 
ley) 1 

1 

Angola 

i 

( 

: 


(Artooappeaa). 




Mexico, Co- 

lombia, Ecu- 
^ador, Middle 
America, JUn- 
• tides, Mar- 
tinique 


j 

Stem of 6 to 8 feet 
circumference, plain 

bark. Branches and 
leaves alternate. The 
leaves pilose on both 
sides. Acclimatised at 
Martiiyquc, where the 
stem only reaches /> ^to 6 
feet circun^ference. 
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Genus. 

Species. 

Synoxy.m.v. 

Local Name. 

Botanist. 


Cast, niark- 
hamiaria 


Ule Uld 

Coll. 


C. Tunu 


Tunu 


Artocarpus 

Artocarpus 

integrifolia 


Breed tree 

Roxburg 


Artocarpus 

olastica 


Benda, Buda, 
Truup 

H(U’b. Rudt. 
Blum 

Cecropia 

(Moreen) 

Cecropia pel- 
tata 



Meyer Mart. 


Surinaniensis 





Adenpus 




Ficus 

F. VoRclii 


Al)a 

Miq. 

(Morcte) 

F. Ilolstii 


^[8oao 

Warburg 


F. usanibar-. 1 


Warburg 


ensis i 




F. Preusii ; 


Warburg 


F. tricliopodo ' 


Back 


F. iiidica j 

Caslimir, Ban- 
jnn 

L. Roxburg 

1 

F. olastica 


Karet, Karet- 
Tapok,Pohon- 
Karet, Kohlet 

L. Roxburg, 
Blume, Kurz 
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WnEiiE Found. 


America. 


Afiiica. 


Akia. 


i Australia. 


Panama, Colom- 
bia, Costa Rica 


OliSERVATIONS, 


Hritish IIoii- 
liras 


Tliis kind is said to 
.supply a caoutchoiu* 
AV'liii'h is not cdastic, and 
resembles balata and 
gutta-percdia 


Assam, 

Hurma 

Sumatra, 
d ava 


llio Hegro, 
Dutch Guiana 


I 

! 

Gold Coast ; 

! 

German 
E. Africa 


German 
E. Africa 




I German 
I E. Africa 

I 

j Madagascar! 


I 


Bengal, 
A.ssam, 
Burma, 
Singapore 
Siam, Afal 
aeca, Phil- 
j ippines 

Bengal, 

Prince of 

Wales’ 

I.slands, 

Malacca, 

Cochin- 

China, 

Annam, 

Tonkin, 

Java 


In Europe, a garden 
plant, imported from 
India (Botanical Gardens 
at Calcutta^ 
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Genus. 


r 

Species. 

Synonvma. 

Local Name. 

Botanist. 

P^ic. prim- 
oides 


Jbinut-Kalodja 

L. lloxbiirg 

Fi.crcligiosn 


i 

i 

Willd., Rox- 
burg, Linn(^, 
Blum 

Fic. altissiiiiJi 


i 

Blum 

Fic. lacifcuji 


1 

Ilyoung-rcn 

Miq., Roxburg 

obtusi- 

folia 


llyoiiiig'H.vap 

Rob. 

Fic. glome- 
, rata 



Willd. 

I’^ic. oppositi- 
folia 



Willd. 

Fic*. niaero- 
pliyila 

i 

1 

1 

I 

Dcsf., Rovburg 

1 Fic. riibigi- 
! nosa 


i' 

i 

Dcsf., Roxburg 

P^ic. aiinulata 


1 

j 

r, 

Blum, Ivurx 

P'ic. ganiclcira 


1 

i 


1 P'ic. subcal- 

j crata 


1 

1 

j 


1 Fic. radula 


a 

1 

Willd. 

P^’c. pertusa 

1 

1 

-- 


Fic. crassi- 
nervia 

c 


Dcsf. 

c 
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Ameiuca. 


Venrtiucla 

Guadeloupe 


WnKiti-: For.\i>. 


Afiuoa. 


Okskrvations. 


Java, 

SuMiatra, 

Indian 

Archi- 

pelago 

Java, 

Sumatra, 

Indian 

Archi- 

pelago 

IVgn, 

Siam, 

Malacca 


I 


Asia. Australia, j 


Bengal, 

Java 


Sumatra, 

Java 

Assam, 

I’egu, 

Siam 

Chitta- 

Siam, 

Malacca 

British 

India 

British 

India 


Australia 


Australia 


Australia 


Guadeloupe* 
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Genus. 

Species. 

Synonyma. 

Local Name. 


Eic. leiiti^i- 
nosa 




1 Fie. inedina 




Fic. tammak( 

1 

i 

1 


N’daba Tou- 
roniii Koko, 
NV.eiie Tou- 
ron 


j Fic. raccmosa 

1 

1 




Fic. incisa 


Jiauian 

i Urostif^maVo- 
: g(‘lji iacifcra 

1 

i 

P'iciis lac. 



Uro.stigmaV'o- 
gclii prill - 
oidos 

Ficus prill. 



Urostigma 

prolixa 

Ficus incisa 

Banian 


Mcdodinus 


Sadal-ICowa 


Diandcr 



Landolphia 1 
(Vaheas) | 

1 

L. madagas- 
caricnsis 

Echitcs, Fatcr- 
iia elastica 

Voaeno, Voa- 
ber(?, Voa 
Canja, Von- 
liema, Va- 
lieigne, Mon-’ 
dresy 




1 

< 

senegalen- 

sis 

I 

( 

d’bungu, An- i 
gauan 


Botanist. 

V. 

Kahl 


E. Diivillo 
Vofjol, Koxburg 

.Miq., Willd., 
Humboldt 


III, Apocy- 

Boyor, Side, , 
Howevre 


L. D. C. De- t 
w{‘vre 
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America . 
ruadcloupc 


cw Graniwla 


I.O6S0. 


Where Found. 


Aerica. 


Asia. 


Australia. 


Observations. 


Scncj^ain- 
bia, Sou- 
clan 


Sonegani- 
bia, Sou- 
dan 


Of the following African 
I Ficus trees it cannot be 
: said that they supply a 
I useful caoutchouc; each 
kind must be tried. 


I South of ; 
I tlie Ivory 

I Coast I 


! W. Africa, 
I French 
I Guinea, 

I Great 
j Bassani, 
Liberia 


As.sam, 

.Ja\a, 

Ceylon 


New 

Caledonia 


New 

Caledonia 


lie’ngal 


Sierra 

Leone 


Madagas- 

car 


Senegani- 
bia, I’or- 
tuguese 
Guinea 


The Landolphias, of 
which the three hist 
mentioned were formerly 
known as Yaheas, are 
excellent African caout- 
chouc plants, and supply 
a good and often a su- 
perior caoj^tchouc. • 
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Speciks. 

Synonym A. 

Local Name, 

Botanist. 

L. eoiniiiorcn- 
sis 


Voa Hine 

Boj, Hew. 

L. Forcti 



Dew. 

L. Klainii 



Dew. 

L. tomcntosa 


Toll Fold 

Dew. 

li. lucida 



K. Schw. 

L. angustifolia 



Dew. 

L. Tholonii 



Dew, 

Ji. parvifolia 



Dew. 

L. crassipos 



Dew. 

L. capeiisis 



Dew. 

L. tlelagoeiisis 



Dew, 

L. Pericri 



Dew. 

L. Micliclinii 



Dew. . 

L. owariensia 

Pocderia ow. 

Licoinqiie 

Dc Beauvais, 
J. Collins, 
Spreng. 
Welwitsch, 
Dew. 

L. Hendelotti 

i 

L. Traunii 

N’dambo 

D. C. 
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Where Found. 


America. | Africa, i 

Asia. | Australi.^. 

1 

1 Coinoren 

1 

I (islands), 


j Madagas- 

1 

car and i j ! 

from ! ! i 

S(!ne- I 

1 ! 

ganibia to j 

i 1 

I Angola j 

1 1 


i Ciubmi I 

! 1 

j Gabun ! 

I I 

I Guinea | 

I 

I Congo 

i 

I 

{ Usumbava 

I Congo ! 

I i 

I Angola 

I i 

Madagascar! 

I 

Transvaal ' 

I 

J )elagoa ! 
Hay ! 

Madagascar,' 

Upper ! 
Guinea i 

Owar. j 
Jienin, I 
Sierra j 
JiCone, I 
Jdberia, i 
Gabun, j 
Congo, 
Angola, 
ajid the 
Slave 

' Coast 

French 
I Soudan, 
Portii- 
gucse 
Guinea, 
Senegal, 

E. Africa 


0]$SERVATIONS. 
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# 





Genuk. 

Sl-ECIES. 

Synonyma. 

Local Name. 

Botanist. 


L. Horida 

Niger dora 

Uituti, Aboh 

Bcntbam, 

Welwitsch 

i 


L. Kiikii 


Matirc, M’tiri 

i C 

Kirk 


Ij. pctersiana 


Mtolia, Matatu- 
Bousu 

1 


Ij. I\Ianli 



1 


D. wassonita 




Tm, bern am- 
nion tjiiiji 

T. sk’nosiplioii 

T. fingolen.sis 

T. cnissa 


Paulirio 

Catagrandc 

I 

M'ilhigbbeia 

Wilhighbeia 

edulis 


Liiti, Am. Scan- 
dart Mango 

! 

1 

Roxburg, 

Kurz 


W. Tiii'l)idgci 

Martabianca 


Wall. 


W. Tr(‘achcri 

Javanica 


]5liim 


W. firiiia 

Corvacia 


Blunic, Wall. 

Ui'ceola 

U. clastica 

Elastic gum i 
wine 

Guttah, (icttlin, 
(Ti^fcjin, (rutta,, 
Snsu 

J. Howinson, 
‘’Ko^burg, • 
Sprenz. 


U. esfulonta 

< 

Chavancsia 

csculenta 

1 


lientli. 
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WiiEiiE Found. 


America. 

Aerica. 

Asia. 

Australia. 


An^j^ola, 
Idberia, 
Middle 
and 7^]ast 
Africa 




Zambesi, I 

Zanzibar,! 
hhist j 

Africa j 



East ; 

Africa 


1 


1 

Ea.st i 

Africa | 




Orsehvations. 


- N'ir^in 
IsIhikIs, 
(‘Kpeoially 
St. TllOHDlH 
and Holds 


Supply so littlo caoiit- 
(•hone that it does not pay 
to collect the latex. 


Madagas- 
car, St 
Maurice 

Ind. Arch,, 
Ihirma., 
Hen gal, 
Chitta- 
gong,.! ava. 
Silliet 

, Australia 
(acclima- 
tised) 

1 

Ind. Arch., 
Marta- 
ban. 
Chitta- 

(acclima- 

tised) 

1 

i 

Ijid. Arch., 
.lava 

j (acclima- 
j ti.scdj 

i 

Singapore, 

Sumatra 

(acclima- 

tised; 

j 

i 

Tnd. Arcli., 
Hoinco 

(acclima- 

ti.sed) 


Tnd. Arcli., 
Siam, 
Tenasac- 
riin, 4 

(acclima- 
ti.scd) 1 

j 
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Genuh. 

Sl’EClES. 

1 

1 Synonyma. 

Local Name. 

1 

Botanist. 

Dijora 

Dijcrfi odiilis 

1 

Cortulata 

1 -- - 

John Hooker 

1 


„ Lerii 




Haiicoriiia 

Ilane.Hpcciosa 


Mangabcira, 
i^fangabiba, 
PaJo dc V'aca 
(Venezuela) 

Gomez, 
Markgralf, 
Muller von 
Aargau 


Ilanc. minor 



M. V. A. 


Hanc. maxi- 
miliana 



A. I). (’. 


Hanc. laindii 



A. ]). C. 


„ OardciuTi 



M. V. A. 


„ pubosccns 



M. V. A. 


„ lioribnnda 



Poepping and 
IhullichcV 

Caiiicraria 

Cam. latifolia 




rarniiicria 

Par. glaiidu- 
losa 



Pierre 

Lciiconotis 

L. cngcni- 
folius 




Anodcnclron 

A. pauscula- 
tiim 




Alstonia 

Alst con- 
stpicta 




Chane- 
* inorpha 

^Chan. mac- 
roph. 
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Amekica. 


Wheiie Founj). I 

Afiiica. I Asia. j Austualia. | 


OUSEIIVATIDNS. 


I'crnambuco, 
Marjinahani, 
Peru, Vene- 
zuela, Minas 
Gcraes 

Rio clc Janeiro, 
Rio Negro, 
Peru 

Peru 


Peru 


Malacca, 
Jiornco, 
Sumatra, 
Moluc- 
cas, Phi- 
lippines 


]3orneo 




! 




Indo- 

china, 

Annam 

Ind, Arcli. Australia 


n 

Malacca 

Ind. Arcl|. „ 


The Hancornias supply 
an excellent caoutchouc, 
known in the trade 
under the name Manga- 
heira cauotchouc. 
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Gknus. I SJ'KCIES. ,, 


Kickxia j K. african.a 

I 

I K. clasticn 

i 

I K. lati folia 


(/arpodiims | 0. laiiccolata 

I 

i 

Clitandra [ C. hciinqiie- 
i siana 


IV. Asoli 

I I 

j Fafotonc, lu Hrowii 

' Wadord, 

. Sidaj^^ori, 
iMadori 

; Algodun dc R, Hrown 
i seda 

Wight 


Euphorbiacece. 

The TIevea is a, genus of the Euphorhiaeea', which is elassifici 
as a jatrophean. The fiovvers are dioeeioiis and aphylhjus ; th 
calyx is (juitKjueparlite and oftet) slightly turned on the })oints 
The ovary of tlu' female flower is in most eases surrounded b; 
glands which gj’ow either separately or are connected. It con 
sists of tliree tiabelliform leaves, on which rests a pistil in th/ 
form of a pillar eialing in a. divided, fleshy, and grained lobule 
The fruit, which according to Aublet is eatable, is a capsuh 
^ witb th-ree seed-vessels, each one opening into two fnjtamens 
The outer jxu't of the fruit is fleshy before ripening, and cai 
oOgsily be detached from the inner part. The Heveas aralarg( 


Callotropis : Cal. gigaiitca | 

I 

i 

; I 

j „ pi-0(*(‘i-a 

CynaiK hiiiii ! Cvii. ovali- i 
j folium I 

Periploea j I'cripl. gnaca j 


Synowma. Local Namk. Botanist 

Okciig, Hcnth. 

OfiiiiUiiii Dr Preuss 

Ire, 

livh 

I Ereh 

I 

I 

j Otarampa 

i , i 

! Hihinigi { 
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Where Fouxj>. 


Ahkric'a. 


Africa. 


Asia. 


Al'stralia. 


Ohservations. 





I Only known since 1894 ; 
cultivated in Cameroon. 



Con^m 

State 


I 


I The so-called root caout- 
i choucs come from these 
I two plants. 


piadesa. 


Vene/ueJa 

(T(nTa 

('alientc') 


j French j Assam, 

I Soudan ! Hatavia 


; j^'uang, 
i Siam, 

' Maliicea 


hchmion 


Assam has .supplied 
little good caoutchouc in 
later years. 


Imported from Eiust 
India. 


trees contaiiiing^ inuch»inilky sa]). Their leaves stand alternate, 
are long, petiolah'd, and digitate; three firmly attached and 
petiolated sepals Itave giand.s on the lower |)art of the cii[). The 
flowers are racemes, comsisting of terminal cymes ; the middle 
flower of each cyme is gcmerally female. The tret' can easily be 
propagated ; the capsule containing the seed opens with a 
detonation like the explosion of a rocket, and the seed is spread 
oyer 15 t()^20 metrt'S (=50 to 70 feet) of tluj ground. The 
^rocreatit'U is ah.solutely left to chance. 

Until recently the Hcvea (juijancnsis (Linnaeus calls it Jatw- 
pha elastic and Schreber, Siphonia elastica) has bceio men- 
tioned as the caoutchouc trep called by the Brazilian Indian} 
scringg; or cahuhu, but this is iy)t correct. The Hivea guyan 
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ensis is the tree described by La Condamine and Fresneau, but 
it gives only little latex, and even this docs not contain the best 
caoutchouc. 

The Hevea growing the best caoutchouc is the Hevea hra- 
.nJiensis (Mueller of Aargau) or Siphonia brasiHensis 
(H. B. K.). 

The Micrandn, also a species of the jatrophea, is a tree like 



Firt. la. — Hevea bvasiliensis. 


the Eui)horbiiu’eii', witli flowers witlioiit seed-vessels, whose 
petals are inibricattal. The ovary is trilid, the fruit ojrens late, 
and this is not always sure. Three or four genera of the family 
with alternate leaves arc recognised. Their home is in Brazil.^^ 
The Manihots {Plum— Adams) are a variety of the jatrophea. 
America counts seventy-five species of these bushes and grassed 
with aljternatc digitate, lobated, and partite leaves. c-The roots 
‘ are ventriculons, rich in starch, and they are used in the tropics 
^,as human f6od. 
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The Manihot Glazioivii or leitera supplies tke caoutchouc 
which is called “manisoba ” by the natives, and has a trade 
name, Ccara scraps. It grows on dry, stony soil in the moun- 
tains, whereas the Hevea can only be found in the lo\\ land in an 
argillaceous soil. 

The Euphorbea,<f 
have a sharp, caustic, 

(♦metic, and epispasfic 
sap. Until now’ only 
little use has been 
made of them , but it is 
to be expected that an 
improved yield of the 
ea o II t chon (• con ta i 1 1 ed 
in it will be obtaiiu'd. 

Ulmacece. 

The Castilloa , a sfie- 
cies oT th(? Ulmaceae 
Ixdongs to the family 
of the Artocarpe;e. It 
has monoecious flowers 
resting on flat eapitu- 
liiins of numerous im- 
bricated stipules. The 
male flowau's have no 
pc'rianth, but arc' only 
coir loosed of stamens. 

The female flowers, 
which have numerous ‘^--Manihot Glaziowii. 

pericarps on a common thalamus, have a quadripartite calyx 
and an ovary wliich is ovc'rhimg by a cylinder-like pistil. The 
pistil branches in its upfier part into two straight, scarred, 
twisted, or subulated threads. The' Castilloa gives, when 
ript', a nearly dry druj)(', which is synanthc'rous with the calyx, 
and it contains a seed corn witliout a jierispc'rm. The tree is 
mostly pilo.sc', and Las distichous dilformed Ic'avcs, which are 
surroundf'd at the' bottom by concrc'ted stipules. 

*The Ficus belongs to the' family of Ulmacc'a' and to thc' Arto- 
carpeau U^is ])est known by its uni-sexual flowT'rs in tluopyri- 
form or globular thalamus. Male and female flowers stand 
• often OH the same scapes, the injale on the top and ihe female^ 
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underneath, kiit in most cases each sex has a separate scape. 
The sin^de flower is very small and simple, it has a thin- 
skinned, infundibulilorm calyx consistin^^ of six to twelve leaves 
with either three stamens or a thalamus which harbours a 
pistil. The wall of the scape swells after the flowing and be- 
comes fleshy; often small <[uantities of sugar can be found in 
it. The scape develops into small nionospermous nucules. 

The Ficus genus in< 
eludes large trees; 
hushes, and creepers 
(lianas). The leaves 
stand g('nerally alter- 
nately, seldom opposite, 
and dif(er('nt forms can 
l)e found in one and the 
saiiK' s|)eeies. They are 
either entire or pal- 
matedly lobated, rough 
or bold. On tlie end 
of ('ach branch is an 
aeicular green bud, 
which consists of on(‘ 
or mor(' rolled stipule's 
undei’noath which lie 
the real leav('s. ddu' 
scape grows single or 
in tufts directly out of 
the branches or the 
stipules ; it is seldom 
that they form spikes 
or t('rminal grapes.' 
The genus of the Ficus 
is very abundant; at 
Fig. 3.--Castilloa elastica. least 600 spccics are 

native to the tropics 
and the inter-tropical regions. Large numbers of these trees 
are found in the Indian Archipelago and the islands of the 
Pacific. The Oastilloa is the caoutchouc tree of Alexico and 
C.entral America, and the Ficus is the same to Australia and 
F^st?\sia. It is seldom to he found in America o’rM\frica. 

Of the Ficus species, the Ficits dastica, well known as a hot- 
house or garden plant, has many friends in Europe. To thrive 
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in our climate it requires moderately warm air, and for a part of 
the year it can be kept in the open, but at the first sign of frost 
it must be taken indoors. This plant can also be grown in pots, 
but it grows much better in the free soil. The multiplication is 
('asy. Ijet a few young shoots grow until they have four or five 
leaves, and use these as cuttings thi‘ following spring by putting 
t^em in a bottle with waUu-, when out of the cut surface little 
white? roots will slowly develop. A light soil mixed with leaf 
or heather earth is the most 
suitable for the rubber plants. 

The Artocarpus (Llread Tri'e) 
is a tree belonging to the 
Ulmacea'. A division of the 
Ulmacea' has bt'cn Jiamed by 
several botanists Artocarpea*. 

Tlie iiow(T‘s are monoecious. 

The male dowers have a bi- 
])artite to <|uadri partite, more 
or less deiq), imbricated calyx 
and only one stamen ; the 
female flower has a holkov 
tubular thalamus, which grows 
out of the common thalamus of 
the inflorescence. d1ie female 
fi 'Vers rest on a bi valvular 
bolder whiidi conies forth from 
a spadix. ddirough mutual 
growing togethi'V of the 
legumes of th(' female tigwer 
wlwch become tlashy after tiic 
fading, th(? wliok' spadix be- 
comes one common seed body 4 — -Ficus clastica. 

of a farinac('oiis substance and 

round or olilong shape. In Asia and Australia about twenty 
species aiv known, ddu' trees ]iav(‘ a milky sap, soft wood, and 
alteinate iialmated or sinuate notched, but seldom entire 
halves. On tlu^ stipule are two concreted stipules in the shape 
of a feroad sheath, which surrounds a new branch and leaves a 
stigma after falling off. 

Ihe lati'x of the Artocarpus is sticky and is mainly list'd by 
the natives for the production of biVdlime. Tlie fruit Is, as a 
nourishing food for the South Sea Islanders, of the greatest 
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importance. The trees grow to a height of 15 to 20 mtoes— 
50 to 70 feet. 

Cccropia (Loefl.) is a genus of the Uhnaceie of the family of 
the Conocepliales. The flowers cliish'r like dense spikes. The 
calyx of the male flower has on its ]K)int two small holes, two 
stamens, short thread-like filaments, and a bilocular anther. 
The calyx of the femak' flower is tubular and a little thicker on 
the top. The ovary is unilocular and has on its jioint a capitate 
stigma. The Cecropia produces awns surrounded by the calyx. 



6r> 

Fig. 5. — Artocarpns. 


The nodular brandies have a hollow space between the nodes. 
The leaves stand alternate and are palmatedly lobated. The 
tree has its home in Central and South America. 

Apocynacece. 

Vahea is a species of the Apocynacea^ and ‘about twdnty 
kinds are known in Central Africa and Madagascar. ^The 
^floi/ers stand in cymes ; the corolla is an infundiiuliform tube 
in which arc, enclosed the stamens. The fruit is a big berry 
with ei^t angular seed corns with hard perisperms. Whereas 
formerly the Vaheas wero. considenal a separate kind of the 
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ApocynacetU (M. l\adt‘lkoffer), but now the plants are included 
{K. Schumann) with the 

Landolphias , and are identified with these. The Belgian 
botanist Alfred Dewevre, who died at the Congo, counts in his 
nionographical studi('S since 1S95 nineteen kinds of liandolphia ; 
since then Pierre (1S98) has added two more and hinnelle 
describes a third. Tt is hardly likely that the whole of the 
TJ*andolphias arc included in this list or even known. 

The Urceolas, a genus of tlu' A])ocy])ae(‘a'-Nericea‘, include 
six lianas which have their home in the Afalayan Archipelago, 
and this group of Eedysantherea' is remarkable for its glandless 
calyx flow'ers, The corolla is mostly fascicular, often slightly 
tw’isted. Between th(' corolla and the thalamus is an undivided 
or qiiinquepartito roll. 



The Hancornm have a quin(|ucpartite calyx ; they have no 
glands. The corolla is piate-shap(‘d with a narrow inner lani- 
feroiis tube. Eive stamens are enclosed in th(‘ corolla tube, 
they have long and thin filaments and no nectary. The spindle- 
like plain ovary is divided iii tw’o cells by a thick and fleshy dis- 
sepiment, in which nimicrous littk' ovules are impressed on 
both sides. The fruit is a round or iwiifonn, fleshy and milk- 
containing berry ; it contains numerous seed corns which lie in 
the flesh of the fruit and have a hard f>eris])erm. The Han- 
cornias are small milk-sap containing trees with entire, alter- 
nate, sessile, sub-pedunculate leaves and fragrant flow’ers. The 
fruit.of the Idancornia spcciosa ((fom.) and the Hancornia 
pubescens (Ne^ s and INfart.) is known by the name “man- 
gaba ” and held in higli esteem by the natives. ^ 

Cameraria (^lueller) belongs to the Apocynaceap of the divi- 
sion Plumericefc. 'The flowers have no rolls, the antihcrs of 
this stamerf arc overhung by a hflig thread. The ovary is 
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bilocular and polysponiioiis, the fruit' is a hard, double saniara. 
The Caroeraries arc smooth cordicose bushes with terminal 
leaves and grouj^s of flowers in terminal cymes. The species is 
mostly tu be found in the Antilles. 

The Carneraria lucida wmlhitifolia (Jack) supply caoutchouc. 

Parameria (Penth.), a sj)eei('s of the Apocyuaeea'- ^seiicca> 



■pio, 7— Landolpliia owariensis. 


and related to the I'lcdysimthercie, arc remarkable for their 
calyx, which has in its interior several gliuids, the (]iiin(|uepar- 
tite corolla, and the elongated fruit, which swell at the point 
where the seed is contained. To this species also bclonfr the 
two or threi' "enus of lianas which are native to the Asiai» and 
Offpanic tropics. The Vtiramera Pierrei, well Icpown in Cam- 
bodia, supplies an excellent caoutchouc. 

Leuchnotix (Jack), a species of the Avorymcccr. Carissea’. 
To this class belong two milk -sap-containing shrubs, growing 
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in the Malayan Arcliipelago ; tlie ovary is bilocular, the fruit 
fleshy, and the seeds have no perisperiiis. 

AJstonia (C.). The flowers are androgynous and regular, the 
calyx is (piiiupiepartite, the corolla plat(‘-shap(‘d and twisted in 
the buds, with five encloscMl stamens, ddie fruit consists of two 
lon^ and small capsules whicli confain a ^reat (piantity of seed 
with pilose (‘fusfKrnis. d’lu' Alstonias ar(> handsome trees with 
alternate leaves: thc^y are native to the Asiatic and Australian 
tropics. The flow('rs are comjKised of racemes. Idle latex is 
very bitter. 

Chouemorpha ((T), a ^mnus of tlie Ajiocynacea* family and 
the suh-liranch of the hiuchitid(*:i'. dTu* calyx is a short qiiin- 
quehd tube, with glandular rolls on the inteidor. ddie corolla 
is infundihuliform : the stamens are ('iiclosi'd and tlu' filaments 
are wid(> and vcay short. Tlu' ovary is hilocidar and sur- 
rounded by a tliick roll. The fruit, which is not unlike a pilose 
cron n. consists of two triangular cafisuk's with numerous seeds, 
which hav(' sharp points on their rostrate tmds. ddu' ('hone- 
morphea- ar(? viiu'-like creepi-ts with alternate broad, })innat('d 
k-aves and beautiful lar^e white tlow<‘rs which ^row in umbels, 
dkvo or three species are known which :ire native to tlie 
Malayan Archipela<>o and i\w laast Judies. 

. The J\ickxias have Ix-t-n known on the (lold (.’oast 
as caoutchouc-sujiplying [ilants since Ibi<S*J, but their ^reat value 
t nly became 1 ‘eco^'nised in 1<S91 (fia^os). Since then they have 
received much attention, and it is vi-rv probiibk- tlu-y will play 
an important rok- in caoutchouc prodia-tion since it sec-ms clear 
thfit ttu-y ai’c suitable for transplantation. Idle tn-c-s are 5(J to 
65 feet lii^h with straight, nearly circular stems oftc-n over 3i 
iW't in diameter with a jiyramidal cnnvn. ddie leaves are like 
those ot the* Araliian collee tre-e. ddie plants lielong to the 
family of Landolphias. IJesidc-s the first-known Ki( Jx.ri(i afri- 
catia (Jk-nth.), Dr. Id'euss nu-ntions also the Kickxia ehhstica 
and the hK'kxia Jaiijolia, but without doidit there exist still 
more of the- genus and sjiecies. d’hc-y are to be found on the 
the African west coast and in Sic-rra Deone up to the (Aingo 
Stifte and farMown to the hinterland, vc-iy likely to the centre 
of (•’enti'al Africa, 

Carpodin/u^ and Clitandra are twm plants belonging to^the 
Apocynacea- ; these plants crawl in the sand, but the parts over 
the ground have no climbing powc-rs. The plants lufve stems 
S to 24 inches long with alternate leaves in groups of three and 
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syringc-like flowers. Their home is iu the Congo State, and in 
some parts whole districts are dc'scribcnl as covered with these 
plants. The Carpodinns lanccolata and the Cliiandra henri- 
(juesiana are best known as caoutchouc-supplying plants ; the 
caoutchouc is taken from the fmg(‘r-thick root branches, and it 
has in the trade the collect! V(' nam(‘ “ root caoutchouc.” 

Asclepiadeae. , 

Cynanchnm (L.), a plant of the Asek'piadeje and the division 
of the Cyiiaeh('a\ is remarkable for its (]uinque])artite calyx 
with five to ten glands on th(‘ interior, a rotate corolla with 
qninquelobatt' edges, and a t(‘n-lohed stipular crown. The 
stamen is enclos('d in the corolla, and the filaments are grown 
together to a very short tube ; the episperm of the anther is in- 
flected. Jt has smooth douhk' utricles with crotched seeds. 
The cree[)('r has alternate, mostly cordate leaves and small 
flowers, which grow between the petioles and stand as corymbs. 

Periploca Cfrarra (C.). a spc'cic's of the Asclepiadeje with 
grainy pollens which r(‘st in a rec(‘ptacle widening in its upper 
part. The corolla is rotate, twisted, and has a stipular crown 
with short wide leaves. Tt is not seldom that aphyllous 
creejxu's contain milk sap. 

(Uiloiropis procera (R. ]h\), an Ascl(q)iadea with alternate, 
cross-wise standing, obovat(‘ k'aves, which are smooth on the 
upper end and have white woolly hair on th(' lower part. The 
flowers stand in compound umbels; tlu* pc'dimcle is pilose, the 
corolla is campanulate with a (piinquepartite edge, and it sits in 
a cornered tube. Th(‘ filaments aiv grown together. The flowers 
are large and beautiful, and of rose and ])ur})le red colour. The 
utricles ai’e short and run to a sharp point ; they contain pilose 
seeds. * 

Spatinus. 

As the vascular system of tlu^ rubber milk in the different 
families of the caoutchouc-producing plants is not always the 
same, a few remarks, mainly from Sach's treatises (Paris, 
1«S74) on this botanical subject may he added. 

The vascular system of the milk from the Urbicea', which is 
especially dev(‘loped in the Ficus species, runs in the bark in 
immediate proximity to the liber fibre. The Ficus shows alscr 
•miuv veins in the pith , but tht‘se are never so numerous or S 0 ‘ 
stronglycdeveloped as in poppy plants, or so regularly ramulose 
as the Chicoracea\ In th(‘^ space between the nodes of the 
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stem are milk vacuoles like lon^', uninterrupted, cylinder- 
shaped tubes, which do not branch out frequently, and it is 
seldom they enter into communication with neighbouring tubes. 
In the nodes and the leaves tlu' vascular system can always be 
observed, net-like and ramulose, with small and fine extensions, 
which end like Ji cul-(1c-sn(\ In many Ficus species, the vas- 
cular milk system nearly reaches the surface of the outer skin 
df the leaves. 

The milk vacuoles of the Fuphorbiacea' are, in their ramifi- 
cations, like those just described, and the branches extend all 
over the parenchyma, but the dissepiments between the tubes 
are stronger and in sections look more like liber fibre. They 
show theij- best devc'lopment lU'ar the vascular system of the 
liber, which is often supplanted by them ; from this point the 
veins go into the bark and the pith, and in the nodes of the 
caulis and the leavc's they become very ramulose. 

Th(‘. milk vacuoles of the Asclepiadcae and Apocynace/ce are 
still more like the fibre of the liber, and as in these, the dissepi- 
ments are thick and characteristically striated. They often 
supplant the lil)er fibre, and occasionally unite with the vascu- 
lar systt'in of th(' tibn^ and the lattc'r has also b(‘en surrounded 
by the milk-caJTving vdns. 'rhrough the (’xistence of the milky 
sap the relati(Uishi}) of the transformed liber fibre with the real 
milk vacuoles is shown : tluj more milk they contain the thinner 
become the dissepiments. Besides these fibre vacuoles, very 
ramulose tubes can be observed, especially in the nodes, the 
pith, and the bark. 

It will be understood that not only the quantity of the milky 
sap in the various species differs, but it also depends on the 
age of the plants, the condition of tlu' soil, the season, and 
when the collection has taken place. It is (‘(pially self-evident 
that the quantity of the milky sap, and conseqiuMitly, the caout- 
chouc, depend largely upon the means by which the latex has 
been collected and how' the rubber globules have been separated 
from the whole' fluid. 

The Hevea hrasilicjisifi can only be obtained when the trees 
have reached.an age of fifteeti to twenty years, and only when 
twQnty-five havr they reached their full development, w^hich 
they retain until they become centenarians ; the Manihot be- 
comes useful when ten and the Urceola wdu'n only five yearS 
old. The climate has a decided influence on the qwility and 
Quantity hf the latex. A tropical Climate is on the whole essen- 
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tial to a successful cultivation of the trees, and the temperature 
ranges in Brazil 70° to 1*20° F. Great dilferenccs can be ob- 
served in a semi-tropical climate, say between the 3()th degree 
northern and the 30th degree southern latitude, and a plant 
which grows luxuriantly in Brazil cannot alw^ays he successfully 
acclimatised in India. 

According to tlu! climatic conditions, th(' most important 
caoutchouc plants can he divided into the' following geopraphf- 
cal groups : — 

South Anuu-ica (Valk'y) . . Tleveas. 

,, ,, . . Micraiidas. 

,, ,, (Ahnintains) . Alaniliots. 

,, ,, . . Hancornias. 

CV'utral . . . . Castilloas. 

W('st Africa .... Landol])hias. 

.... l\ickxias, ( ’ollotropis. 

Bast and Cential Africa . . ,, Jjandolphias. 

,, ,, . . ('ar[)odinas. 

,, ,, . . (Mitandras. 

Asia ..... Fieiis, W’illiiglihdas. 

Gynanchum, Gamerarias. 

,, ..... Ghavaiu'sias. 

Australia .... Ficus, Gna'olas. 

For a long time it was assumed that caoutchouc ]:)lants re- 
qumal a damp climate and a soil exposed to the tropical sun, 
but this applies in reality only to the Ifcrca hra.siliensis. Th(‘. 
Hancornias can Ix' found in the sandy districts of Ik'rnaiwhuco, 
iMaranhao and Bahia, and the Manihots grow on the ])reci|)ilous 
granite rocks of ('eara. Th(‘ last-mentioiu'd j)laiits are able to 
withstand an extraordinary drought; when eva'rything else 
perishes from th(' fervid heat these [)lants flomash and supply 
great (juantities of latex, dlie caoutchouc plants always grow 
best where the soil is subjected to inundations and a regular 
rainfall. If the climate and the soil are too damp and moist 
the latex becomes watery and contains little caoutchouc, 
whereas the quantities of caoutchouc are much gri'ater in dry 
seasons, although the latex is less and it takes much n;ore 
trouble to collect it. '^FIr' caoutchouc, contained in the latex 
fluctuates between 15 and F) per cent. ] f it is under 15 ner cent, 
the collection of the lak'X or the growing of the trees does not 
pay. 
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Taking into consideration the iin[H)rianc(‘ of the crude rubber 
in such a growing industry the idea of attein])ting to eultivate 
caoutchouc ti-ees in other portions of the gIo})e than where they 
were originalJy found was a very obvious one. It wiis English- 
men who made tlu' first suceessful attc'inpt to transplant and 
acclimatise these plants in Asiatic colonies, where tlu* needed 
climate aiid a fitting soil coTild he pro\ idcd. Tlu' pioiuau's wwe 
much encouraged in the attemj)t to mak(' Jndia the premier 
country as rc'gards the cultivation and su])piy of rubhia’, as 
many I'easons made th(‘ succ('ssful issue of such an iindei’taking 
almost cc'rtain. The caoutchouc production on the Amazon 
Eiver was conduct<‘d on sucli irratiiJiial liiu's that most of tlu' 
tret's succmnlx'd under the tiasitnumt, and tlu' “ siM'ingiu'ii’os " 
w(U‘e foretal to ('xplon' th(' vii’gin forests to tladr faj’tliest coriic'rs. 
Besides this, Brazil chargial a high ('.\poi*t duty on laihhei', for 
which -JO to 2'2 ])er (‘cut. of tlu' full vahu' had to he paid. These 
conditions arn^sted the att('nfion of th(‘ l(‘gislative bodies ap- 
point(‘d to look after tlu' interests of industry and trade. It had 
to he taken into eonsidcu’ation that a rational culture of ruhlx'r 
trees in India would he very exp('nsiv(‘, and the protit to Ix' math' 
was not (piite assuj'ed ulu'ii oiu' aec(‘ptcd tht' fact that the 
Brazilian forc'sts ludd ahunda nci* of materia 1 wlu're tlu' only cost 
was the? price of collection. ( )n the otlua* hand thtu’*' was tht' 
great ditticulty of gaining access to the country uht're nature 
product'd the late.x ; the jom’ney o(‘cu[)icd some weeks and was 
hy no means a cheap or an agi’t't'ahle one. in addition , tht' cost 
of ti'ansport for the ruhix'r was an ('tpially serious item. 
Another point was that the ])roduction was conlined to flit' thy 
st'ason, wdiich reason inert'ased fht' cost of the material. The 
langiish (fovei’iuncnt hinl h'arnt a lesson when jdanting the cin- 
chona, and this examph' had not het'n foigottt'ii. The necessary 
('iiergy and attention wt'rc t lu'it'fort' at once givt'ii to tht' 
problem . 

The first trial was math' in h^hO w ith a closed plantation of 
native Eheus trees. Tlie Ficus can only supply sufficient latex 
worth mentioning when twc'nty-livt' years of age, and even then 
it is* only periAitted to ta]) the tr-ces t'vei’v thrt'e years. To 
expect mtu’e from these trees would l)c to (piickly dest7-oy them. 
Wht'ii fifty yt;ars old each E^icus tree can supply about 4o ya. 
of caoutchouc at a thn'c-yearly gathering. 

This calculation and the prolonged time of w’aiting m'as not 
very enticing, and repeal'd trials had also shown that the 
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caoutchouc obtained could not stand a comparison with the 
quality from Para and Ceara. Tt was decided not to continue 
the planting of this species. Some' recommendc'd the Urceola 
elastica, which can be tapped three y(‘ars after planting, also 
the Urceola c.sculcnta, which supplies caoutchouc when seven 
years old and the annual collection from each tn^c comes to 1 to 
5 lbs. The b(‘st planting results wci’e obtained with the Cas- 
tilloa elastica, but its caoutchouc is of very little value. Tfic 
Directors of the Botanical (larderis at Kew sent, in 1875, that 
excellent botanist and gardener, Pvobert Cross, to Central 
America to study th(‘ diflenmt species of Castilloas which could 
b(' recojnmended for transplantation to English colonics. The 
plants, whicli grew under the fostering caw of Kew gardeners, 
did not survive in other places : they required tlu^ moist climate 
of their motlu'rland, where' it rains for nine months in th(' year. 
Cross went again next year to bring young plants of the 
Ilcrca hrasiJicnsis from the valh'y of the Amazon Elver to 
India. Although the An\a7A)n natives guarded caret ally and 
iealously the, monopoly ot their plants, C'ross succeedtul In 
bringing a number of Heveas to Kew. The result was the 
same as with Castilloas. The trees grow in the most divergent 
soil, but they flourish only and develop luxuriantly on the banks 
of a I'unning stream, wJiere th(‘ moisture is not swampy. On 
the Amazon t(‘n days seddom pass without rain, and all plants 
are each morning enveloped in a. mist. Only tlu^ south of 
Burmali offers a climate approximately similar to this. Another 
point also had not been consid('red sufliOcmtly when tlu' trials 
vv(‘re thought of, and this had nothing to do with cultivating 
difficulties du(' to climatic conditions. A country intended for 
the rational cultivation of caoutchouc trees must be inhabitid)le 
in order to permit of a successful result. It must not only be 
possible to live in it, but the climate must enable tlu' workers 
to put in a fair day's labour without bad results. The country 
chosen for the* trials, a district in Assam, was as unsuitable as 
the home of the Castilloas and Heveas, the territories of the 
Amazon and the San Juan, in which only the “ scringueiros ” 
can enter during the dry season, and even then^they are liable 
to catch the fever and h) Ix' so plagued by insects as to. look 
fojrward eagerly to the end of the collecting scasoij. These cir- 
cumstances supplied the principal reasons for abandoning the 
idea of cestablishing a successful and rational culture of these 
two species of trees either m India or in America. 
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The results of the accliniati&jition trials of the tree which 
su])plies the Ceara caoutchouc, the Manihot Glazioirii, were 
more successful, as it requires a stony soil in a warm climate, 
and can stand a prolon^u^d drought. Its home is in the moun- 
tainous districts of Brazil where a temperatui'e of 75^ to 85^ F. 
is the avera^ue The tr(‘e f>iows still better at a height of ISOO 
metres (about bOOO feet) above s(‘a-level ; it rcijuires no atten- 
tion and adapts itself quite easily to the climatic conditions of 
the country of its adoption. 'The speci(‘S can be cultivated on 
the Indian mainland and in Ceylon, and it is not without reason 
that the Manihot is called in this district tlie caoutchouc tre(‘ of 
the future. As the seed is proCrted by a very hai’d piitamen 
the time of germination can be shorbmed by oixming the piita- 
men capsule with a tile, otherwise the geiTihnation takes one 
year. The prepared seial is put into the ground in the o])eu 
held and tlu' hrst shoots show thmnselves in about three or four 
weeks. Anotlier and better method than tiling the cu\)Huie is 
soaking it in cold water, but in this case the germination takes 
longer and the first shoots do not show before tlu'ee or four 
months. Tiie young plants can also be grown from cuttings. 

Tile caoutchouc from the Ceylon plantations is already on tlie 
liondon market, and it costs, according to diunand and (juality, 
from four to six shillings per kilogram. FxjH'rii'Uce has alriaidy 
sJiown that the Manihot can Ih^ tafiped for the first time in its 
fifth year, and from that time it can be tapped twice annually, 
each time on three consecutive days. The ]Manihot plantation 
on th(‘ Cocovvab' station near Ijimugalla, in Ceylon, which 
covers 430 acres of ground, and has widl-developial trees, can be 
given as an examjde. During June and July the plants stop 
growing, the leaves begin to fall and secun to decay. But soon 
new buds and leaves appear. In tlu' third yiair tlu' trees have 
for the first time fiowi'rs and seeds, which, when they rijien, 
fall to the ground and soon show fresh germinations. At first 
the plants are still too young to supply much latex, each tree 
giving annually about lib., but tlu* firoduction increases with 
time. If this figure is taken definitidy for calculation , then one 
hecttire (nearly 2^ acres) supplii's annually 375 kilograms^ 
cwt. of caoutchouc, representing an income of .175 when the 
lowest estimate of four shillings fan' kilogram is taken. 
third of this amount, .T*25, is sufficiimt to cover the expenses," 
and two-thirds are thus net profit. » 

In other countries also, and especially in the French colonies. 
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trials of rational cultivation of caoutchouc trees have been made, 
as, for instance, on the French Congo. Herci the native caout- 
chouc plant, the Ijandolphia, threatc'ued to disappear, owing to 
the rapacious and senseless desire of tlu' natives to get every 
drop of lat('x it contaiiu'd. A French scientist, F. Pierre, the 
creator of the Botanical Gardens at Libreville, tried to avert 
disaster by the acclimatisation of foreign plants, and, for this 
pur[)ose, he chose the Manihot, as was done for Ceylon. *lt 
a])]H'ars as if the trial would be successful. T'ieri’e writes about 
it to the following (dlect : “A singki tri'c which I })lanted in 
October, 1887, has been tlu* origin of 115 tre('S, the largest of 
which liav(* already st('ins with 0.50 metre circumference and 
are 7 to 8 fe('t high, ^riu' plant which iM. de Brazza tried to 
introduce larg(‘ly amongst th(‘ nativ('s has a grcait fiitiii'e in the 
country, ddu' tree imj)orted in 1887 lias alrt'ady supplied 
11,000 to 15,000 little plants, of whi(*h sev(‘ral thousand have 
been distribut(‘d to native's living in the la'motest pails of tlu'. 
vast and hardly explon'd Congo territory.” 

The.' 1 )irt'ctor of the ganh-ns at Pibn'ville hofies shortly to be 
able' to distribute anotlu'r ’200,000 y(,)ung shoots for new planta- 
tions. 

A young French colonist who has Ix'en living a tew years in 
the Congo interior in N. Ljole on the Ogoone, writes in a 
dilTen'iit strain : ” The fiahouins have rec('iv('d Manihot plants, 
and instructions for })lanting th('m have not been lacking, but 
most of the native's throw the young trc'cs care'lessly on one side 
when they are not watclu'd. It is only necessary for them to 
go a little into the inh'rior to find an ('asy and rich harvc'st ; ' 
wdiy, therefore, should tlu'y trouble' ahont the work of planting 
and cultivating and waiting for years for the first yiedd, when 
the re'sult falls probidily to some eine else? It is not sufficient 
to start new plantatiems, if the veiling trees are to be le'ft in the 
hands of natives, unless these are unde'r constant obsi'rvatiem. 
Tlie e'olonists must take the' matte'r in hand, and closely guard 
the trees from unelue interferenea'. Gnly tlie'n will it be pos- 
sible to show a good result after the time of probation has 
passed.” * 

According to researches made by Paroisse, the Manihot plant 
at^Tjibreville is not the same as the one cultivatei] at Ceara and 
* in Ceylon, but a species which is native to one of the islands on 
the sou^i coast. 

In Cochin-China, where *soil and climate are especially well 
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adapted for the acclinuitisation of rubber plants, attein])ts to 
grow caoutchouc trees have also l)e(Mi made. The [.hinting of 
the Hecea (juianemis in the Botanical ( huahuis at Saigon "lias 
been successtul, but whether this venture was as fortunate in 
its developnuuit as tin; one at Jv(‘w is not yet known. In 
lleunion trials were also inad(‘. 

^These notes are to-day a little anti(]uat(Hl , but they are v orth 
mentioning with regard to the history ol the di'va'loj.nu'nt of 
caoutchouc productions and culture*, ddie principal [loint of 
interest in connection wifh tin* above* re'iuarks is ^\ith I’ogare] to 
the Kickxia afrirava and its rational cultun* on the We'st (/oast 
of Africa, espe'cially in the* (’anu'roon and the ('ongo districts. 

As has already bee'ii state'd, the* Kickxia was not known as a 
possilile caoutchouc-supplying plant before' the* year 1895, in 
the month of ^^ay of wliich year the* caoutchouc export of l/agos 
which hithe'i’to amounted to aliout i21 ,000 lbs., rose to te'ii time's 
that (juantity, aiiel the* tedal expoi't of the' year re'ached a tiguri'. 
over five' million jiounds, wlie'ii it beame e'lear that a fre'sh source* 
of caoutcheuic had been fe.und : and kite*r on the Kickxia was 
discovere'd to be* the* fount. The caoulche uc. came on the* 
marke't under the name of silk rublie'r. Since that time many 
inve'stigate.rs have* dealt with the filant, which has be'en fouiiei 
in nuuiy diOerent places, according to Dr. Preiiss also in the' 
(kimeroons. To-day it is known that the plant is ineligenous 
to the wlie.lo coast of West Afric'a, from Sierra Ta'eme tei the* 
Congo, auel far back to the* hinterlanel. It is nov' eepially we'll 
known that the plant has long be'e'ii known to the natives whe) 

• "rcqucittly mixeel its latex with tliat from the usual trees, 
causing freepient change's in elilTerent epialities and much heael- 
slu^dng amongst tliose* who trie'd to find the seiui’ce of tlu'se* 
variations. 

Since Ckimeroon has liecome' a (lernian colony, all [ilants 
likely to prove useful are plante'el in the gardens at Victoria, 
where their nature is inve'stigat(*d. In this use'ful botanical in- 
stitution the Kdckxia has i-e'e'eiveel much consieicration amongst 
the caoutchouc-supplying plants. 

Pfosper i\riiHcnd(U'IT, who in 1(898-99 travc'lled on behalf of 
the Cologne Gazette to 7V)go and Cameroon, says in his re'port 
about this e^K'rimental agricultural station that it is not a 
botanical garden in the ordinary si'nse of the* term , w here plants • 
are divided correctly after gi'uus and groiq.s, but tluit whole 
fields are (devoted to one and the. sfime plants, each one being 
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groWn in large quantities, thus permitting a calculation as to 
their supply and productivity. At*t('r a few further remarks he 
states : “ Our walk led us now to the caoutchouc plants, which 
are the most important in the Protectorate. The value of the 
caoutchouc export for 1897-98 was, according to the average 
purchase value of ‘2.67 marks in PanuToon, calculated for the 
whole colony as hriiiging in T55,000. Put a rise must and 
will come, especially as the trad(‘rs and merchants in the 
southern caoutchouc districts are eager to teach the natives the 
rational culture and collection, and to avoid the barbaric custom 
of draining all the lat(‘X from the lianas, which makes the trees 
become exhausted and die. h’urtlKU’ north, on the Pio del 
Pey, in tht‘ territory of the (T(‘rjnan West African Trading 
Poni[)any, a caoutchouc planter has also begun operations, 
and as h(‘ can look back upon a prolonged successful ex]X‘rience 
in South Atnerica, it is certain that he will soon be able also to 
compete in the caoutchouc market here. We examined a 
Peara caoutchouc tree (Maiiihal (ildziowii) , whi(*h kind of tree 
has be('n ])rofusely planted in the colony, and l-)r. Ih’ei.iss 
tapped the tr{'e befoia' oiii’ ('ves. On the foot of the tree a leaf 
is inserted into the bark, over which the latex runs into tht^ col- 
lecting V('ssel. A gully is cut with a gouge into the bark from 
the foot to a higher ])oint, and the gully branches out at in- 
tervals. Soon th('. latex begins to flow, a ])art of it coagulating 
en route. Large trees, whose l>ranches can also be worked, 
arc climbed by the collectors with the aid of ropes. The 
wounds of a tice thus operated upon heal within six months, 
and we were shown trees wliich had been ta])ped a year previous 
but which had already sufficiently recovered to Ix' tapped again. 
Similar experiments are made with the native lianas and IjjiU" 
dolphias (of which seven kinds can be found in the gardens), to 
prove that by careful ta])ping the plants can be saved from 
destruction. Apart from the trees the lianas are of the greatest 
importance, because they can be planted in stony soil. Trials 
with Para treses have also been successful, and these trees have 
the further advantage of rapid growth, but they cannot be 
tapped before tlu'y are five or six years of age. A largo number 
of them have already reached a good size, whi(di serv('- also for 
the purpose of giving shade to the cocao trees^ There are 
‘k^utiings of a native Ficus tree and of other Imcus kinds. The 
Ficus elqstica is represented, in addition to some from Assam 
which give a good supply ot* latmx, only at stations *of a high 
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elevation. A tree of tins Idiul fonn:^ one of the decorations of 
the garden, and is nanarkahlo for its wide-branching growth. 
Another tree, which lias grown well, is from San Thorne, but. 
according to the rnanagi'r of the garden, the tree of the grj'atest 
importance is one whose origin is still the quarrel of experts, 
which has recently be(ai discovered on tlu' Mungo l\iv(']‘, the 
Kirkxia afneana. Idiis has moved to be a caout(‘houc-su])ply- 
ing tree of the first importance'. The latex of the ('eara tree, 
when it has coagulated on tlu' land, li'aves, in addition to th(‘ 
little caoutch(uic balls, a watery substanca.*, but this latter is 
absent in the Kickxia latex, wlu'rc'as tlu' others have pear- 
shafH'd fruits. I’he K'ickxia’s fruit consists of two alt('rnat(‘ 
pistils, oblong aiul round, standing at right angk's, and about 
a span in width. . , . (In'at hopes are set on tlu'se trees, and 
us soon as the young |)lants are suflicimitly grown to Ix' pro- 
perly and regularly hash'd, their nominal and indnsti’ial valiu^ 
will be definitely fixed. . . . 

“ The future of these trees in this country is ther(’fore per- 
fectly s('cured ; the tree is to b(‘ found all along tlie coast at a 
low level, where it c!in easily be grown. Tiu' culture of the 
Kickxia ofl'ers gnnit advantages, iind should be taken up by 
capitalists, who will certainly miss a great opportunity if they 
leave the ('xploitation of this tre(‘ toother p(' 0 ]>le.” 

d1u' same travelh'r also visited the (lerman colony Togo, and 
fi’oin his k'lters, as far as tlu'V concern caoutchouc, two pas- 
sages are im|)ortant and must be (pioted. He wi‘iti;s : “ The 
caoutchouc tre(\ Mtniihof (Udzioirii, s(‘('ms to have a grc'ut 
•!'.;tinv. • It is extensivc'ly planted and grows within one year 
to a height of 3^ to 5 feet. Tlu' tapping exp('riments have.' been 
SLiCtf('ssful , and residted in an ('xcellent product.” And also : 
” It is a remarkabk'. and an excellent testimonial for the natives 
that they are amenable to the influence of the GovernnKmt and 
desist from killing the tn'c's to get one supply of caoutchouc ; 
^ in other parts of Africa these roblx'ry methods still exist, and 
only too often the lianas an' cut down at the roots and are at 
once rendered valuek'ss.” 

Sifice then the botanist ffudolf Schlechter, during the years 
1899-1900, has explored \V(*st Africa on behalf of the' Colonial 
Economical Cymmittee of Berlin. Tlie reason for the journey 
was in connection with the conveyance of Kickxias and Ficus 
. from Jaigos, of root caoutchouc from the Lower Congof and of 
KTckxias and Landolphias from tlx’^Tpper Congo to Cameroon 
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with the intention of pUuitinp^ caontchone trees on a largo scale, 
Schlechtt‘r took a large ninnber of Ficus cuttings from Lagos, 
and betwec'n 30,000 ;ind 40,000 Kickxia seeds to Victoria. The 
Ficus cuttings were snp[)li('d to the botjniical gardt'ii and the 
Kickxia seeds were divid('.d in the following way : 15,000 seeds 
were givc'U to thrc'e interested cnltivato?'s and the rest to the 
botanical garden. About 90 per e(‘nt. of the seeds have ger- 
minated. Ih'om th(' Congo Schlechter took to Camero(3n 
400,000 Kickxia s(H‘ds, 1,000 fruits of a root caoutchouc, and 
about '250 secals of a Tjandolpbia kind whicb sup])lies an excel- 
lent enoiitehouc. 

At the recpiest of the (udieimrnth Wohltmami, Mr. 
Schlechter read a papi'r on the 3rd March, 1900, before the 
Society of Cameroon Planters at Victoria, brii'fly putting the 
collected facts of caoutdioue culture and the collection of latex, 
as far as these had any ndcnmcc to Canun’oon, before them. 
Considering the general interest tak(‘n in this question, the text 
of the paper is given in full, as it has been issiu'd by the 
('olonial Economical Committ('e to all its members. 

“ ... To b(‘gin with, it is neca'ssary to consider the dif- 
fere!it kinds of caoutchouc plants with special consid('ration to 
their ('conomical culture in the Canu'roon colony. 

“ The Landolphias, th(‘ caoutchouc lianas, cannot be greatly 
recommeruhal, as they supply only sufficient (piantities wIkmi 
they hav(' r(*ach('d a considerabk^ agu. Put vvIku'c' plantations 
exist the seeds should be coll(‘ct(‘d and the little seedlings grown 
in S('('d beds should lx* planti'd round shade-giving trc'cs, when 
they have grown to Ix' four-leaved. Cn the oth(U’ hand, seeds 
can be easily purchased on th(‘ markets of the Paguiris, where 
the Taindolphia fruits an* sold in great quantities under the 
designation of ‘ 'NFanvongo.’ 

“ Th(‘ Maniliol (Uazioirii, the C('ara caoutchouc, are entitled 
to moH' considei'ation for the' dry soutlnu'n districts of our 
colony. 3T(' seeds, whicb should be slightly hied to provoke 
gc'rmination in a shorter tinu', are planted in placx'S exposed to 
the sun and can then b(‘ left to look afti'r themselves. Under 
such conditions as these (which are practically akin to i\ild 
gi'owth) the Manihot can be ta})ped after five or six years. The 
(piantity of the latex di'pends upon and varies with the different 
‘ localities. The cultivation of Manihot is remuiTerative under 
all con(\itions, as the costs of planting, etc., arc exceedingly 
small. The plantations of«fchese trees can also be divided and 
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each division entrustcHl to a native to look after the*collectin^, 

“The Ficus elastica .ylvrs in Cameroon, as far as can he 
judged, only an inferior product which exudes very easily and 
quickly. The product, which as tlak(‘-rul)l)('r is also colK'cted 
from other Ficus kinds on the Cold Coast and in Taigos, varies 
in its price on the Fnro])ean market from 1.00 to 1.30 mark ])er 
kilo. 

The stoins of tlu' Jlcrca brasilicnsis , tlu' l^ara caoutchoiie, 
which an' to he found in tin* hotanieal gardi'iis at Victoria, 
supply too litth' latex to make tlu- caoiitehoue tn‘<' one to he 
recommended for extended culture, Consid('ring the Tdevea has 
its home in the inundated tlistrictsof tlu' Amazon Kiver, when- 
the stems are surrounded l)y wat('r for months, it is hai’dly sur- 
prising to find that the results an' dilTerent ; and the caus(' rests 
mainly on the dryness of the soil to which they have been trans- 
planted. It seems possihh' to nu' to make tlu' cultivation of thi' 
tre('. sviecessfid and n'miinerative hy jdanting it in inundatc'd 
districts, on tlu' haid\s of riv(*rs, or in marshy soil. 

“Of th(' Cnstilina clusficd, w(' have at pn'sent only small 
seedlings which will not become productive' until after a few 
yeai’s; it is thei'e'fon' iitipossihle to give' an eepinion neew as to 
the value' e)f th<‘ cultixatieen. d’he' se'e'ds of tlu'se caoiitchenie* 
trees le)se' the'ii’ vitality fifte'i’ a slioi’t time', a.nd this adds tee the 
difficultie's e)f planting the Castilloa at the* first. 

“ T will ne)w spi'ak eef a caoutchouc tn'c which see'ins to be' 
the' ine)st suitable' for Afrierm cultivation, it is the Kichritt 
efasfica. All of you ge'nth'nu'n pre'sent have had the oppeer- 
tunity of noting he)W exee'lleiitly the tre'e' has grown in the' Yie- 
te)rian cultivations. I ha\'e‘ alreaely maele' re'ce)mnie'ndatie)ns 
he)w to plant this trv'e' in se'vei’al jelaces, hut tlu'se shall he' 
repeifte'el here in hrie'f. 

“ As soon as the' little' snt'dlings have six te) e'iglit leaves they 
must he take'u fi'eun tlie' se'e'dlei'els feer traiispiaiitatieen . It is 
nece-ssary tor this jeurpeesn te) ch ar the ground a little', f.c., to 
«ut de)wn the unelei'g?'o\\ th anel the' smalle*r tree's. After this 
has be'en done' the little see'dlings can he })lante'd at distances of 
five mt'tre's (10-17 fee't) fre)m one another. It is sometimes 
necessary to thin out the plantatie)n, until the Kickxias have 
increased in size. After two years they are sut'ficiendly old to 
look after themsf'lves, and aftt'r five' or six years they are* ready* 
for the first tapping. In the Sango-Nganko re'gions J suc- 
ceeded in getting two kilos of caoutchouc from one tapping, and 

D 
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reached a tu'ight of ten to twelve feet and a eircumference of 
eight inches. On another plantation, which Mr. ]\unge owns 
in partnership witli Mr, Sholto J)oijglas, and on an outlying 
station belonging thereto, 27,000 Ficus ciastica, 11 ,000 Heveas, 
besides 70 Castilloas, 48 Maniliot GJazioirii, and 9 Ficus Vo(jclii 
had been planted. In Liint the traveller saw a plantation be- 
longing to Mr. tjungbeen, where mainly Eambong {Ficus ehis- 
tic(i) and Castilloas were cultivat(‘d. The plants stood Uie 
climate excellently, and grew satisfactorily. Idle st'edlings are 
bought from tiu' Battakcrs at four dollars per lumdrcal, and as 
soon as they are oiu' and a half feet high th('y are transplanted 
into their })roper placets. It is interesting to note that the 
Battakers put the Bambong seed in sandy soil on bamboo floats 
to keep them always equally moist, and also to protect them 
agaiiist their enemies, the ants and th(‘ caterpillars. 

Schl('cht('r does not say much of an excursion to British 
iS'ortli Boriuu), where the British Noilh Borneo Company, in 
])articular, carries oji the caoutchouc trade, the [)roduction 
being small and the export hardly w'orth mentioning. 

Brom Singapore, to w'hich place he had ndiirned, the ('X- 
plorer wxmt to (lerman iSdwv (luinea, where he flrst divided the 
caoutchouc and gutta-percha s(‘edlings and se('ds .amongst the 
proper people and saw to their being planted in suitable plact^s. 
The small beginnings of regular cultivation promise at the start 
a favourable dt'velopiiKmt, and, in the o|)inion of Mr. Schlech- 
ter, the export of rubber from N(wv Cluinea, which is small at 
present, will soon increase. The samples which have been sent 
and placed before OcuTiian rubber manufacturers an^l caout-^ 
chouc deak*rs for their opinion and judgment regarding tlu' 
quality have been received with appreciation, and the value of 
the product has been fixeal at five and six marks ])er kilo, one 
manufacturer even placing the value at seven marks. 

In contrast with the strong and steady (uideavour to ])lace 
the cultivation of caoutchouc on a rational basis and to continue 
it on th(' pro[KU’ lin(‘S, the iiews from the Congo State is all the * 
more painful. When in 1870 tlu' movement was started to 
explore and civilise Central Africa nobody spqke of business, 
The Berlin Conference of 1885 created the Congo State on 
the basis of free trade, and the new' government of the 
S'tate gave the assurance that it would ludfher* trade directly 
nor imyrectly. But after regulating, on 17th October, 1889, 
the right of trading betwel^n traders and nativ(‘s, a*nd restrict- 
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ing the trade in caoutchouc to a matter of exchanging goods, 
the State anounced, in July, lAOO, that it possessed th(' right 
to trade in ivory on its own account. Soon followed further 
regulations, destined to make the ivory and caoutchouc trade a 
State monopoly, and it was not long before tlu' State officials 
received instructions to concentrate their whole energy on the 
collection of caoutchouc, as far as possible without the applica- 
tion of force. The latt('r j^art of the order is very significant. 
How the caoutchouc production has bi'en proceeding since tlum, 
Europe has learnt with amazenumt. It is not intended here to 
enter further into these scandalous reports, nor to tix the 
responsibility on tlu' proper person, but it must be pointed out 
that all reports and e^a'-witnesses agree on the fact that the 
caoutchouc collection is conducbal in a plundc'ring, rapacious, 
and exh:; listing maniK'r. Again and again public opinion 
has occupied itself with Ihe scandal, and the subji^ct has been 
fully discussed, for instance, in the Chambers of Conmuu’ce of 
JJv(‘rpool and Hamburg, the Sociidy for th(‘ Protection of 
Natives, the (-rernian Colonial Society, and in the Ihvss, 
especially in th(' English weekly papcT lEc.y/ /l/n'ra and the 
Co]o(/ne Gazette. A short while ago the Covf'rnments 
exchangiHl notes on tlu' sul)j<‘<*t, and it is to be hopial that the 
result will b(‘ successful in bringing the Cijngo State (which is 
probably the richest caoutchouc-] iroducing land on the earth) 
in line with otlua* countries, where the production is conducted 
in a rational manner foi’ the bmieht of all concc'rned. 

'TIk'- reports from South America are, on the w’hole, satis- 
factory Peru , Colombia, ('osta Pica, San Carlos, and the 
regions adjacent to the Amazon PiviT are' all striving for a 
ratkyial manage'ment of caoutchouc jiroduction, and the results 
are satisfying the aspiratioils. It is deplorable that the uncer- 
tain ])olitical conditions of several South AnuTican States inter- 
fere frequently with the safe conduct of business. Drastic 
illustrations of this are of frequent occurrence, the whok^ of the 
‘Acre District being, at the time of writing, in a state of revolt. 



III.— The Production of Raw Caoutchouc. 


The questions upon which the results of the annual rubber 
collection (lejicnul have already been stated, and one of these has 
a great influence on the quality of the caoutchouc. This is 
simply the care that the collector has taken \vith his work and 
the nu'thod which has been employed to separate the caout- 
chouc from the collected latex. 

It has already been stated that the latex is collected by 
means of cuts made in the bark of the caoutchouc trees. This 
work may seem to the reader to be very simple, but still it 
requires a knack on which not only depends the momentary 
result, but also the future yield of the trees. An untimely 
tapping is against th(‘ fundamental rule which a sensible collec- 
tor never loses sight of, i.e., ahvays to look out for an abundant 
and good yi('ld, but with an eye to what is to be expected of the 
tree in futui’c. 

Two methods are recognised in obtaining the latex— 

1. Cutting down the trees. 

2. Tapping, by incisions in the bark. 

Cutting down the trees leads to the quickest n'siilts, but it is 
irrational and barbarous ; for the moment the yield is plentiful, 
and more abundant than by tapping the trees through cuts, but 
the tree is destroyed. * * 

This method is plainly an unmethodical robbery, and cannot 
be too strongly condcanned. The employment of this mej^hod 
can only be considenal in two cases : (1) When plants are- 
tapped which would wither or decay under any circumstances 
after the first operation, however careful the operator might 
be, and (2) when trees in a virgin fon'st have to be thinned^ 
out for some reason. The first reason, it is said, is upheld by 
the Gommeras of Peru, who state that this is the case with the 
Hancornia speciosa. According to tlieir reports, insects attack 
the incisions of the trees and thus cause the decay of the plant. 
|]ut if the stem is cut off above the ground, tjie stump soon 
sends up new’ shoots, w’hich gnnv like bushes out of the old 
w^ood , so that after a few years a group of trees has ^rown out of 
the single stern. As the ‘Hancornia is widely spread and the 
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collectors have always a siihicient number of trees for tapping, 
it has become an understood thing to cut down these trees, 
but only when the circumference is more tlian one metre. 
There is at least some rationality in this method of collecting 
the latex. It is not quite clear (in view of the possibility of 
closing the openings in the tree stems by means of suitable 
materials, such as r(\sin and other substances, which prevcuit 
iitsects from destroying tlie fibre) why these trees should die oil' 
in J\‘ru, while' lh(‘y continiK' to exist and d('velop in Ceara, 
(T'vlon, and at tlu' C'ongo. With a little good will tliere could 
surely be found a way which would harmouise better with 
correct principles and forestry. 

"^Idie s('e.ond i'xc('|)tio]ial case is tlu' clearing of virgin forests, 
and as long as the clearing proc('ss is conducted on a sound 
basis, it is perfectly right. Where such an abundance of 
v('getation exists, as for instance in the fon'sts of C Vntral 
Africa, that th(' colh'ctor cannot move in aiiy dirc'ction, it is 
necessary to n'lnove all obstacles to a i)roper working of the 
trees. Air and light ar(‘ thus k't in, ami these take their share 
in the devt'lopnu'nt of proper growth. In itself, this method is 
not irrational, but it depends upon the native's recognising the 
limits where the dc'struction must ce'ase, and this is a point 
which it is difficult to make them understand. 

Tapping the' tree's l)y incisions is a far more' rational method, 
but care must be taken to prevent the trees from sufferiiig 
d:)?nage; it must also be observed that the (piality of the 
caoutchouc which has l)een su[)plied by the latc'x has not been 
impairc»d. Jt is universally recognised that Jh’a/il, especially 
the territory on the Amazon and its tributaries, supplies the 
pin^st caoutchouc, and it was here that the method of tapping 
the trees was first employed. The method offers so many 
advantages, that everywhere where the conditions of the soil 
and the species of [)lants make it possibk', it has been adopted, 
and the example' of Brazil followed. 

The most simple manner of tapping is the one formerly 
universally employed in Brazil and known as “arracho.” It 
consists of running a rope round the Hevea slantingly with the 
knot at the higher end. Over this rope a number of cuts are 
inserted. Tl^ gushing sap runs first vertically down the ste^, 
then follows the gully formed by the rope and the tree until it * 
reaches the lowest point of the rope, where it runs ov«r and is 
collected in a vessel suitably placed to collect it. Even this 
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method became dangerous to the trees as the seringueiros did 
not always take the trouble to remove the rope, and in this case 
the strangulated Heveas were hindered in their growth and 
very soon died. In its long spiral course the latex picked up too 
many impurities, such as moss, wooden splinters, insects, etc., 
which were later on, of course, found in the rubln'r. The cuts 
made by means of brond knives and sabres were often so deep 
as to wound th(‘ trees and destroy th(‘m. In many cases tile 
cuts were not sufliciently deep and only a little latex was 
drawn, and this was mixed with other saps, which impaired the 
purity and especially the durability of the caoutchouc. Foi‘ 
these reasons the method has been discarded. 

ddie method of ta|)ping now (unployed in the lower valley of 
the Amazon Kiver is undoubtedly the most practical and 
best. Jt is described in all treatises on caoutchouc, and more 
or less elaborate articles about it have often appearc'd. The best 
descriptions have been given by ('arrey and (’happel. 

At dawn, about live o’clock in the morning, the seringueiro 
begins his work. If the estrada (about lOt) to 150 Heveas) 
which he desires to rob of latex is far from the hut, he has 
already l)rought his tools to the sf)ot, Th(‘ tools consist of the 
machado, a small short-handled axe, with a blade of not more 
than three to five millimetres, a pail, and th(‘ “ tigeliidias ” or 
tin cups. 

The seringueiro, or as he is called the “ caucln'ro,” is in most 
cases accompanied by his family or by one or more helpers. It 
is only very seldom that he works by himself. 

After the stcmi of the tr(‘e has beem j)roperly cleared and the 
ground round about it has been swept, the tapping commences. 
With a single adroit stroke with th(‘ axe the bark is slit open 
just deep enough to extract th(' latex without damaging the 
tree. In this way every .^tem is slit open in about twelve places, 
care being taken that the axe does not go deepen’ than desired. 
The machado invented by the North Americans has proved 
very useful, and Carrey says quite rightly that this axeHias saved 
more Heveas than all thq Brazilian laws of y)rotection put to- 
gether. Since the collectors on the Amazon Kiver have osed 
this instrument, which makes only a slight opening that can 
easily be healed , all other tools (many of which had ruined in- 
numerable Heveas) have disappeared. 

Manyr collectors make the cuts in the shape of a V, others 
in curves about twenty cerftimetres (seven and a half inchek) 
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distant from each other; others a^ain are satisfied with simple 
vertical cuts, one underneath th(^ othei-, from the height which 
they can reach with the hand down to the p'oiind. The latter 
method can hc^ recommend('d and should be universally intro- 
duced, as ex])erience has shown that, while an irregularly and 
carelessly cut and tapped tree giv(‘s tlie proper quantities of 
latex in the first and second yeai', from the third year the yield 
dfminish('s until at last it becomes exhausted. 

The rejK^ated tapping do(‘s Jiot affect the trees wIkui it is 
properly managed. llev(‘as can he S(‘en which are so covered 
with marks that not a patch the' siz(‘ of the hand can be found 
wdthout a scar, and still they give tludr yield of latex. A tree 
of about 1.25 to 2.50 mtdres (five' to nine feet) in cireumfer- 
ene(‘ on the lower pat’t can stand twenty to thirty cuts every 
two or thn'e days d tiring the whole collecting season ; a daily 
nqx'ated ta])ping would (‘xhaust tht‘ tree and not giv(‘ a sufii- 
(!iently large yield. The seringueiro divides his estrada of 150 
triM's generally into three si'ctions, one of which he works each 
day. ir the estrada is smaller, say of about 100 trees, two 
divisions are arranged. A total harvest consists of about twenty 
tapjungs for each yc'ar. If this limit is ('xceeded tlve yield of 
the next season would be sm iously impairi'd. One^ man with 
his h(l[)ers is generally suificient to thoroughly work one 
('.strnda, but it is difficailt to state a fixed limit, as mudi depends 
on till' industry of the individual collector and the respective 
distance's of the trees. 

ddie trees may be opiu’ated u])on at any time of year, but 
the sea«son usually chosen is from the I'lid of August to the 
beginning of January, as the yield is li'ss at other times. The 
woilv is commonly stalled at dawn, as the trei'S supply more 
latex when the night winds hav<‘ refreshed thi'in after a swelter- 
ing day. In sevi'ral districts of caoutchouc-l)earing land the 
seringueiros prder to make the incisions at sunset and to 
[collect the latex in the morning. 

As alreadv stated, tlu' incisions extend as high as the col- 
lector can reach and right down to the ground, that is from 
aboiit one fooU above the ground to a height of sevi'u feet. 
Under each of the cuts the siTingueiro fixes, by means of clay,’ 
ane of the tin cups in order to collect the latex. Each one of 
the incisions made at regular intervals drains thc‘ tree drop Sy 
irop of the latex until, within one to three hours, t^e yield 
LS^n the aVerage about three centilitres. This quantity flue- 
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tuates and depends en whether the live is in full life or d(',cay- 
in<>. Th(‘ yi(‘ld, also, is not the same every year, continued 
drought or prolon<»'ed rains influencing the flow of the latex, 
this also depending on whether the cuts have' been inserted on 
th(' sunny or the shady side of the tix'o. The reason why many 
of the Indians jmder the night time for tlu' tapping process is 
that the rains following thunderstorms (which are of nearly 
daily occurrence and always influence the (]uality of the late?() 
never (‘onu' by niglit, and this accounts for the collector’s pre- 
ference for night work. Tlu' native's also Jissure everybody 
that th(' yi(‘!d is much greatt'r at full moon than at any other 
time. How far that is true' cannot be ascertained. 

An estrada of 150 trees can yield at each ta]’»ping al)out 52 
liti'cs of latc'X, wliich give's gean'rally db kilos — 80 lbs.— of raw 
caoutchouc. Counting twe'uty tappings ])er annum, the yield 
amounts to 720 kilos (lu-arly 14^ cwts.) pe'r collector. 

(In the T'pper .Amazon tlu' tap])ing is arranged iti a similar 
manner, but much l(*ss care is taken of the woi’k, and the tools 
in use are' mon' primitive. The farther the st'riiigneiro pene- 
trates the virgin forest, the k'ss inclined he is to carry many 
and heavy imple'ments. A bottle' gourd or calal)ash se'rves as 
pail, a she'll as tigelinha, and the small Ame'rican axe is ofte'n 
siipplante'd by a broad crooked hatched, the ruin and destruc- 
tion e)f so many prospering caoutchouc tree's. 

Up to al)Out ten years ago, the' cedlecting of caoute'houc on 
the) Amazon was almost solely in the' hands of the' natives who 
fire domiciled there. Idieir work depe'iuled so much on con- 
tingencies that it was no wonelcr the e|uantities suppled were, 
very irregular. The epiantity colle'ctcd was quite out of pro- 
p(')rtion te) the possible yield. Conditions have improved s^nce 
then, mainly owing to the increased demand and the higher 
price's ])aid tor the material. The bimilies of the natives 
(seringueiros), who fen’inerly worked only by themselves and 
without outside help, have be*e*ome owners of large districts 
(seringaes), and as thi'ir ewvn labour was not sufficient fe)r an 
exhaustive colk'ction, men from the semth we're engaged as 
helpers. In this way many persons have heesi drawn t« the 
work of collecting in the existing seringaes, and of opening up 
new districts aiid collecting centres. In former years the trans- 
actions between the collectors and the buyers at Para and 
Alanaos^ were mainly conducted by a baud of hawkers called 
ragataos. These people bollght at Para and Alanao? what tifty 
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thought suitable for the interior, siieli as foodstuff^, especially 
manioc flour, dried meat, and otlun* piwserves, cotton ^oods of 
all kinds, cheap jevvellerv, etc., and these collections they 
carried iij) the rivers in boats, wlien* they exchanged the* ^oods 
for caoutchouc. They generally returned to Manaos, after an 
eight to twelve months’ journey, when* the collected products 
were disposed of in the open market and to th(‘ hi'st advantage. 
The steamships which now ply betwetai all ])laces on the 
Amazon Ivivta* and its tributaries provial a deathblow to the 
hawkei’s, who have luaii'ly all disappeared. The nioo' con- 
V('ni('nt and more or less ]‘(‘gular communication with tlu' in- 
terior now [)ermits the seringueiros to go down the rivei's. 
When thi' collecting season is over, at the end of l\>briiary or 
March, many s(‘ringueiros bring tlu‘ir caonlchouc to Manaos 
or Para, where they also purcha.S(‘ the necessary pi’ovisioiis and 
tools for the lu'xt camj)aign (safra). Tin* sei-ingiK'iro geni'rally 
purchasi's his goods thi'ough an agent (aviadoi*), who also 
undertakes lh(‘ sal(‘ of the caoutchouc ; the aviador acts as a 

commission agcait in both di?-ections lu' purchases and imports 

th(‘ goods on his own account, and clnuges the customers thc‘ 
original j)riees plus commission. Some of the ag('nci(‘s have 
become of great ini]>ortanc(' , and Afanaos and Para are the 
hoiiK's of a few hous(‘s whose' conn(‘(*tions c‘xteiid to the whole 
interior. The lai’ger house's have' theii* own steamers, which 
visit regularly the .Xma/on atid the branch rivers; thc'V ti'ans- 
port j)assengers and goods, gene'rally only those' connecte'd 
wilh the' business and' intereste'd in the custome'rs. d’he' 
steanuys sup]>ly the seringueiros with (he r('(piir('d goods and 
})rovisions, and on the return joinaiey they bring the' collected 
caoutchouc, whiedi is sold on account to the' seringueiro accorel- 
ing to the iiiling market |)ric'(' at Manaos or Para. Sewu'ral 
English cean panics have' starteel collecting rubbe'r e)n their 
own account, but the i-e'sults e)f tlie'se unelertakings is still in 
doubt. 

The me'thod of tapping is, with the* e'xce'ption e)f a fe'W slight 
alterations, the same in the whole eef Se)uth Anu'rica ; the* 
shape', length, gind de])th of the' cuts anel the mode' of collection 
ditfer, but the princit)le' remains the' same'. 

The CastiJloa elastica, which gi’e)ws in C’eiitral Ame'rica, re- 
quires a ditTef'ent treatme'iit ; the cut is not use'd, e)nly a hole'® is, 
pricked in the bark, which make's a smalle'r mark and does 
iK)t need the use of so large and l*e'avy a teee)! as the macheto. 
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AftiCfi s iiK'thods of tapping aro (liffercnt in nearly every 
part of thfi continent, and until latterly the systems in use were 
impracticable and irrational. The African' camitchnne is not 
so good as the product from South America (especially such as 
comes from the Amazon), and it loses still more in value in its 
preparation. When the cuts are too deep the sap mixes with 
the latex, and the caoutchouc is deteriorated in consequence. 

In Asia and where the caoutchouc is collected from the de- 
ferent Ficus species, the cuts are to the depth of the liher, and 
m elliptic shape, on the lower part of the stem and the aerial 
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1, ly Loiif'itiulinal ami transverse section of the Urceola ehutica: p.c. bark 
parencbyin, c.s. hardonea cells, Im. milky veins, r.m. radiation of marks pi 
wood parenchym, v.l. large veins tilled with latex. 

2, 21, Longitudinal and transverse section of the milk veins in the bark of the' 
Urccola clastica ; la. milk veins, li. liber. 

3 View of the hardened cells of the Urccola elantica : c.s. hardened ceUs.^ 

loots. The cpiaiitity ol latex dejX'itds on tlio season ; in Feb- 
ruary and March only a little can collected, but the quantity 
of the caoiitcliouc is at this time much largt'r, for which reason 
these are really the best months of the staison. Thi' same 
thin- occurs during the month of August, when the caoutchouc 
amounts to 80 per cent, of the contents of the .latex, whereas 
during the other months the average is only 10 per cent. 

Aiistraliji has partly adopted thi' Asiatic examnle, especially 
c aj^'far as the same species of plants nrc concerncM, but cruder 
methods are also in use, particularly where the indifference and 
shortsighted neglect of the clmthorities permit the nrltives to 
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what they like. The Urceola elastica is one of The greatest 
victims of this thoughtless destruction, this tree ri'aching in 
other countries the diameter of the avc'ragc* man. The stcun of 
this liana is cut to pieces, and these are held over vesseds which 
receive the latex. When the latc'X begins to issue slowly, a 
faggot fire is lighted to help the flow. TIk' methodical collec- 
tion in these cases, especially for the IJrccoUi csculctiic, should 
be the cutting of incisions in the slui])e of a V, f]-om ^ to H incli 
long and to iiinch dca'p. The cuts go throi^gh the bark and 
reach the wood. A inicroscojuc inspection of a section of the 
bark pi'oves the necessity of such a |)roce(lure. ruder the cork- 
Jike growth (see Fig. 8, .su) which forjus the u]ipei’ ])a.rt of the 
bark is a thick, hardened layer (c..s*.) of about twelve radiating 
rows of (adls ; S(K*ondly, a strongly devedoped soft, spongy 
cellular tissue (p.c.), which has on some ])arts accredions of 
hardened cells (c.-s*.), and, thirdly, a wry soft thick inni'r bai’lc 
(//), which forms, of itself, half th(‘ diametcM* of the bai’k, and 
is, especially in the younger j)arts, very rich in milky veins. 
The cuts must reach the “ cambium " in order to a])[m:)ach the 
milk veins, for only then can the process l)e satisfactory. 

In brief, these are all the nudhods employed for the collec- 
tion of latex. It is self-evidejit that rational production is of 
the givatest im[)ortanc(‘ to the life of the plants, just as the 
quantity of latex ])roducc‘d and tlu* jwsidue of caoutchouc de- 
pends on the methods of [)rodu(‘tion and colU'ction. The care- 
fully tapp('d ('aoiitchouc has a grc'at advantage ov(‘r th(‘ other, 
and its durability as a raw^ product is vastly improved by pi’op(U’ 
treatment. A too deej) and wide cut, whicdi lays l)are the liber, 
causes the admixture of other saps, and these rcuider imj)ui’e 
the oo/ing latt'X and alhu' its chemical character, ddiis circum- 
stance becojjies of still gTeater importance in the cases where 
tlie latex is collected f]-oni tin* felled tree's, where the mixing 
with other saps is naturally much huger. The addition often 
consists of sugar, starch, re'sins, albumen or tannin, all of which 
have a deteriorating elfect on the quality of the caoutchouc. 
When the production of raw caoutchouc comes under considera- 
tion^, of which^more in the following chapter, an opportunity 
will be given to con.sider this point a little closer. 

The preparation of raw caoutchouc is one of the most im- 
portant and a'c the same’ time one of the most interesting poifltSo 
of the whole caoutchouc industry. i\Iost writers who have 
d4!falt with this sidqect acknowledg# the effect of the process of 
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preparatioifon the quality of the product, which thus influences 
and restricts the applical)ility of caoutchouc. Too often the 
evil is mentioned, but no way is pointed out how to improve 
the methods. This improvtunent would not only influence our 
industry and our trade, but it would be of far-reaching import- 
ance as regards th(‘ dev(‘lopment of all tropical colonies ; Trench 
Guiana contains for instance an enormous luiraber of Heveas, 
as well as of other caoutchouc tn'es, which can supply jm 
excellent material. The climate is th(‘ same as on the Amazon, 
hut although French ('xplorers like Coudrean have again and 
again drawn attention to Guiana caoutchouc it has hardly be- 
come known in tii(' trad(‘ ; the little the colony sujiplic's is to a 
great extent mixed with Fara, and the quality thus obtained is 
equal to .T^ara in every way. 

The French coloni('s on the Senegal, in the Soudan, Congo, 
on the South Ikiver, in Nassi-]5e, Keimion, i\radagascar. and 
the interior of Afri(‘a, also in Cochin-China, Assam. d\)nkin, 
and Australasia havt' an ahundanct' of caoutchouc-producing 
plants whose [)r()duct can he favourably compai’t'd with those 
from usual sourcesof sup])ly. Tliis natural abimdance, however, 
is only in a tew cases and in a small measiin' madi' use of, partly 
bc'cause nobody giv('s tlu‘ movimumt the proper hacking, also 
because' the re(|uired guidance and c'ntei’prise aiu lacking, hut 
more es|K‘cially because the methods adoptcal ari' not the right 
OIK'S, or in many cas('s unsuital)le for the jdants to which they 
are a])plied. The result is a yk'ld which is merely' noiiiinal 
compan'd with what it should l)e. In a small handbook', 
“ C'aoutchouc and Gutta-p('rcha at the World's Ivxhibition, 
18^9," ]\ene F)obet wrote as follows on the subject : — * 

“ The samples which conu' from th(' ^^layottc', Xassi-Ik', and 
from Senegal are of medium (piality; the exhibitc'd products 
from Dinan Salifou, on the other liand, are ('xcelleiit. The pro- 
ducts from iMadagascar are Jiiiddling and soft, and those from 
Keimion moih'rab'. To improve thi'in would not he diihcult ; it 
would only ri'ijiiire a little more can' when the material is being 
dried. Si'veral kinds of caoutchouc, from ]^ladagascar are firm, 
strong, and altogether of the best cpiality. The caoutchouc 
su])[)lied from Gabon, Assinia, and thi' J^A’cnch Congo is very 
sticky ; the only exci'ptions are the balls from Casamanza and 
tbe flat pieces from Assinia. These species pri^ve that these 
countries could supply good material if a little cai’e was taken 
in collecting. It depends the inijirovements imde in tiie 
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coagulation process. To do this it is necessary to know exactly 
the nature and properties of the latex, also the different coagu- 
lating methods from which the true method has to be developed. 
As it has to be taken for granted that these researches cannot 
be made on the spot, the authorities of the colonies should give 
orders to have them made in Europe, for which purpose they 
would have to supply the following samples and details : — 

(1) A sample of caoutchouc produced according to the 
method in use. A detailed description of the method would be 
desirable. 

“ (2) A certain quantity of latex, in exactly the condition it 
flows from the tree when the cut is made. To prevent any 
changes in the latex during the transport, a little ammonia 
should be added, and the mixture sent in hermetically sealed 
bottles. 

“ (3) Notes of the name and species of the plant, also a 
description of leaves, flowers, fruit, and s(‘cds. The season, 
when the latex has been collected must be stated. 

“ On this information it would be ])ossibie to deline the treat- 
ment to be observed when collecting the latex, also which 
method would be most suitable when coagulating the material. 
If the colonial authorities took care that the results of the re- 
searclu'S became known to all, the natives and the colonies 
thernstdves would be greatly benefited, as it would be possible 
to give certain kinds of caoutchouc a much higher value than 
they possess to-day. Central Africa would be much inhu'ested, 
as the enormous wealth of caoutchouc trees would greatly in- 
flueiK^e the extensive development of the caoutchouc trade, 
always {provided the caoutchouc is of good quality. The 
demand for African caoutchouc would advance, and the buyei’s 
on tl*e coast would be able, to pay higher prices, which would 
have the effect of spurring the natives on to greater exertion.” 

These recommendations ought to be carried out, as if under- 
taken they would undoubtedly prove of gj'eat importance in the 
.improving of the quality of raw caoutchouc. The best methods 
are naturally those in use where the caoutchouc is gathered 
from trees which have been planted regularly. The trees are 
propefly attcndell to, the gathering is regular and periodical, 
and the collected latex is kept clean and free from foreign 
substances. 

The latex produced by tapping or cutting down of plants 
separates tlje caoutchouc only wl^pn a certain coagTilating 

E 
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method ist^mployed. These methods chan^^e from country to 
country, from province to province, and even differ on the banks 
of the same river. It is therefore not a rare occurrence to 
receive caoutchouc from the same country and trees which is 
very different in quality, this result being due to the method of 
coagulating the latex which has been (Uiqdoycd. James Collins, 
an Liiglishman , and Dr. E. von Hoehnel, a Cferman, have 
noted the various methods of coagulating the latex and tbe 
systems used for the production of raw caoutchouc in the dif- 
ferent countries. The following table gives a clear view of the 
different methods and where they are employed. A descrip- 
tion of ev(Ty method follows this table and will be useful. 


The Coagulation of the Latex. 


This is brought about : — 

I. By heat — 

(1) By artificial heat— 

(a) Dry heat or smoking 

(b) Moist heat 

(2) By natural heat — 


(On the Amazon, 
1 Caledonia, 
fin Mexico, 

( America. 


(a) Separation by the Soil . 

(b) Separation by the 
human body 

(c) Evaporation on level 
ground 


In Angola, 
jin Congo, Angola. 

j in Ceara, Angola. 


in New 
Central 


II. By skimming — 

(3) Skimming after doubling ] 

the bulk of the fluid hin Bahia, 
by addition of water . j 

(4) Skimming after a rest ; 

addition of four or five 
parts water , drai ning , 
washing, and pressing 

III. By decomposition — 

(5) Chemical decomposition 1 In Matto Git)sso, Perntim- 

by mineral reagents . j buco, Maranhao. 

(6) Chemical decomposition ] In Peru, Guatemala, Ni- 

by vegetables or plants caragua, Gambia, Mada- 
employed as reaggnts . I gascar, Casara^nza. 


-In Bahia, Congo. 

/ 
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IV. By natural and artificial 
heat combined with 
chemical decomposition 
V. By heating. 

This last-mentioned method was discovered by R. Rousseau, 
but has hardly as yet been tried on a large scale. Since, how- 
ever, it has been known that caoutchouc could be obtained Irom 
the* roots of species of ('litaiulra and Carpodinus, the method 
has become general in (ksiliiig witli these roots. 

1, I a.— Coagulation by Means of Artificial and Dry Heat 
or Smoking. 

This method, especially suitabl(‘ for the Heveas and Micran- 
das, is mainly in use for the preparation ol Para rubber on the 
Amazon ; this is the method of the production of caoutchouc 
known and valued above all other sorts lor its [uu’ity, elasticity, 
and durability. The same proc(*ss is also ('in])loyed in othei 
parts of Brazil, and has betui iidopted in Vcmezuela and (luiana. 
It can be described without hesitation as the best of all known 
methods, and it is W('ll worthy of a more exhaustive description. 

The collector, or his helper, takc'S the cups one alter the 
other carefully from the tapped tree and empties them into a 
vessel, a ])ail, or a large gourd bottle, wliich is held by a wide- 
meshed net and has a twishal rope as a handle. The emptied 
cups are replaced in the same positions whem they were taken 
from. Each cut is inspected, and frecpiently the incision, whicli 
may have become closed through th(‘ coagulation of the latex, 
lifts to be Ic-opened. The thin skin, which has already coagu- 
lated through the natural heat, falls oil and is carefully placed 
on on« side. The latex of two or three tree's tills the pail. In 
the eve'iit of the hut of the seringueiros h(*ing close to the 
estrada, the whole collection is without any precaution placed 
in a large tank ; if the seringueiro is a long way from his Imt, 
the latex is mixed with 3 peT cent, of ammonia, which prevents 
the coagulation in the meantime. It is only when the whole 
work of collecting has been done that the real piepaiation o 
the caoutchouc, the smoking, biggins. For this purpose the 
workman places the smokin" a[)]iaratus, the so-cnlled 
“ fumeiro,” in a.fire-placc which has been scooped ont of the , 
ground and whch has been carefully cleaned. The “ fumeiro ’’ 
is a kind of oyen of baked earth, with,at the top a cone-sfcaped 
tube'of small diameter, so as to prevent the spreading ol the 


I In Gambia, Senegal, 
j Mozambique. 
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smoko. A faggot fire is now lit on the fireplace, and as soon 
as the smoke is sufficiently thick, palm nuts are added, the 
Indian testing the thickness of the smoke with his hand. The 
nuts used for the purpose are the fruit of the Urucury, or the 
Nauassu palm (Attalea excelsa and Manicaria saxifera), which 
are always found in the neighbourhood. In case these fruits 
arc not to hand, those of th(' M axivi iliana regia are substituted. 
The use of nuts to accelerak' the production of smoke is 6nly 
recognis(‘(l on the Tjower Amazon, when^ the best caoutchouc is 
produced. In all other places the smoke of the faggots is con- 
sidered sufficient. 

As soon as sufficient smoke has developed the caiichero takes 
the so-called form or palette, a wooden instrument with a 
handle, thi’ce to six feet long, which is not unlike thi' beater 
used in many districts by washerwomen. For a moment the 
workman holds the broad flat end of this form over the smoke, 
or in clay water, then he di[)s it in the pail of lat('X, and after 
it has been dripping off he holds it again over the fire, so that 
both sides of the ]')alette are equally (‘xposcal to the smoke. The 
thin layer of latex which sticks to the form coagulates under 
the influeiH.a' of the heat, thc' water cva])orates, and the first 
thin layer of caoutchouc is ready. If the latex has coagulated 
uniformly, tlu* form is again dipped in the pail and the' first 
jfrocess is repeated until the caoutchouc has Ixa'ome siiftidently 
thick. 

A method which differs only slightly from this, makes use 
of a form with two haiidle-likc connections, and in this case 
the form is not dipped into the latex, tint the latex is poured 
over it. On the Jjower Amazon the usual form of the raw 
caoutcliouc is loaf-shaped and weighs about elevei^ pounds. 
This thin coat is cut open with a knife which has been dipped 
in water and the form taken out, when a new block of caout- 
chouc is begun. A workman can make from four to five 
pounds of caoutchouc by these means within the hour. These 
rubber loaves are known in the trad(’ as “ biscuits.” The bis- 
cuits are still moist when they come from the forms, and must 
be dried for several days in tlie sun. They are then spiked on 
two running parallel poles, and sent to the trading centres. 
The trade knows this material as “ fine Para biscuits.” 

Fine Para used to come upon the market also in various 
man<nr animal-like sha^ies, which must have tried the artistic 
capacity of the collectors. These fanciful shapes, however, 
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are infrequent nowadays, and can only be seen in museums, or 
in factories where they are kept as curios. 

The difficulty of this method of coagulation is doubtless tlie 
smoking, but the world-wide renown of the I'ara rubber, pre- 
ferred on all markets and in all factories, is undoubtedly due to 
the process as a whole. 

To recognise fully the usefulness of the method above de- 
scribed, the composition of the fresh latex must be taken into 
account. The latex of the Heveas and the Micrandas, of 
which the Para rubber is made, contains — 

32 per cent, caoutchouc. 

12 ,, organic matter (of decomposing properties). 

55 to 56 ,, water, 

up to 3 ,, ammonia (added), 

traces of resin. 

No other latex has such valuable pro))erlies as this, but when 
one takes into consideration the care that is taken in collecting 
the fluid, and the precautions that are used in prej)aring it so as 
to avoid loss by evaporation of the water and to destroy on the 
other hand the decomposing and fermenting substances, then it 
becomes clear that th(‘ excellent quality owes nearly as much to 
the method of preparation as to the ('xceptiojial pro[)ertics of the 
latex. 

The presence of substances in tli(‘ latex which decompose and 
fennent is a condition wdiich can become veiy dangerous to the 
caoutchouc. To prevent this the natives have, instinctively and 
without any scicuitific knowledge, adopt('d the simplest nusins. 
The repeated influence of a low heat removes first the greater 
part of the water, when coagulation becomes momentarily pos- 
sible ;* but the imi)crfect combustion of the wood also produces 
carbon, an excellent antiseptic, to which the favoural)k' j’csults 
obtained by this method in Brazil must be a.scribed. The com- 
bustion also evolves creosote and ammoniacal gases, which, 
mixing with the smoke, have also an antisc'ptic effect. The 
influence of the palm nuts in this direction has not yet been 
deteriQined, but^as they produc(‘ a denser smoke, it is clear 
that the antiseptic effect is also increased. 

The repeatedly applied heat, infliuuicing each time only a 
small quantity, \and improving it by the removal of the water,* 
has also another result. By this method the forming of air 
bubbles is prevented, and small quantities of uncoagulatefl latex 
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cannot acihcre to the other caoutchouc, which otherwise would 
set lip fermentation on account of their nitrogenous properties. 

In addition to what has been stated, it may be permissible to 
give an account of another method (wliich can only be described 
as an imitation of the coagulation method used on the Amazon), 
used by Grandjean and Waser in New’ Caledonia and in the 
Loyalty Isles, and wliich has given the best results. 

In his work on the colonisation ot‘ the New Hebrides (PgHs, 
1805), Dr. Daville speaks of this method as follows : — 

“ The tapping is very simple. In addition to the Brazilian 
tigelinhas another tool is needed. This has a cone-shaped gully, 
which ends in a hollow' triangle and has on one end a sharp 
edge, on the other a hoolc. The edge serves for insertion in the 
bark and to cut the opening for the latex. Tlu^ oozing milk 
runs through the gully to a tin cup hanging on the hook ; these 
cups hold about 10 to 15 centilitres. It is easy for the w^ork- 
man to hang the cups on in the morning and to empty them 
after three or four hours into a pail, a bottle, or a tin can, when 
the cups can be quickly nqilaced.” 

Otherwise the method is the same as desciibed. An excep- 
tionally fine and valuable caoutchouc has been the result. 

It is only ru'cessary now to givi^ a few details about the 
lirodiiction of the less fiiu' Bara riibixu's ; these are the Bara 
grossa, Bara entrelina, and sernamby or negrohoads. 

The residue of the caoutchouc which sticks to the opening of 
the cuts or remains in the tigelinhas gives the material for a 
second quality of caoutchouc ; tlu'se remnants arc collected and 
formed into flat balls. From time to time each ball is dipjjed 
into fresh latex, and after every one of these coverings it is 
smoked like “ fine Bara.” Several layers of fresh latc'x make 
the ujiper portion of the biscuit, and the rubber has the exlernal 
appearanc(‘ of the bi st Bara. A cut wnth the knife is sufficient 
to reveal tlu' dedusion. It can at once be seen that it is a similar, 
but not the same nor an equally valuable product. -^TIh' caout- 
chouc contains a much larger proportion of w'ater, the nitro- 
genous matter is also greater and fermentation and decomposi- 
tion is not (juite avoided, the main reason for this being the 
coagulation of the latex due to natural heat only. The coagu- 
lating method will be describial later, wlxm the serious draw- 
ifiacks of the imdhod and the reason for the inferior quality of 
Para entrefina will become quite obvious. 

All the remaining portions of the fine Bara and the Fara 
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entrefilia, as well as the scrapings from the forms, flic residue 
in pails and tanks, etc., are worked into blocks and ])acked in 
boxes or barrels. The whole sticks together and takes the shape 
of the receptacle. This inferior rpiantity is named sernamby or 
negroheads. It is moist, contains much uiicoaguiated latex, 
even parts of plants and animals, and it has never undergone the 
necessary antisej)tic process. 

• 

I. I b*— The Coagulation of l.atex by Means of Moist 
Heat or Boiling. 

This is a very primitive method which is employed by the 
Indians in Mexico to coagulate the latex of the Caslilloa trees. 
The latex, which is tapped by means of cuts or jiricks and col- 
lected in a piece of bark or in a pot, is ))asse(l through a sieve 
into a boiler, under which a faggot fire is lit. As in the case of 
animal milk, the cream collects on tin) top, and, after boiling for 
a while, it beconujs firm and separates itself from the watery 
portions of the latex. J3y these; means caoutchouc slabs are 
obtained which arc dried and pr(‘SS(‘d to free them from the 
moisture before they come on the market. 

It is clear that this method has many grave defects. The 
material cannot be boiled sufficiently long to destroy all the 
substances which cause fermentation and decomposition. 
Pressing is not sufficient to remove the moisture, and in sjnte of 
the sieving, the treatnu'nt of the latex has not been sufficient to 
remove all traces of vegetable and mineral impurities. Experi- 
ence and results have shown that this contention is correct. 
Kxamirmtion of the caoutchouc slabs, which are produced by 
means of boiling the latex, shows the formation of air bubbles 
in th^ black-looking rubber^ and these bubbles arc filled with a 
thick green fluid in which sand and wooden splinters are to be 
found. In latter years Mexico lias supplh'd another rubber 
from the latex of the Castilloa, wliieh, contrary to the first jneii- 
tioned, is light brown and fragrant. It contains neither sand 
nor other impurities. It is nearly as elastic as Brazil caout- 
chouc, and the loss on washing it amounts only to 12 to 15 per 
cent. * By what tneans the new caoutchouc has been produced 
is still unknown, but it is surmised that a quantity of sea salt 
has been addedtto the latex. The boiling of the latex is alsf^ 
the method employed in British India, and the pri'paration of 
the latex from the Eicns which gives^the Assam caoutclt)iic, is 
done by the same means. Mention must here also be made of 
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the preparing of the so-called root caoutchouc as employed 
where the Carpodinus and Clitandra species arc found, out of 
whose roots the product is procured. The method is employed 
in the Congo and in the hinterlands. According to Dr. War- 
burg (“Die Ivautachukpflanzen und ihre Kultur,” Berlin, 
1900), the method consists in cutting the roots into pieces of 
eight inches in length, which pieces are put into bundles and 
exposed to the sun for five or six days. They are then placed 
for ten days in water and arc beaten with wooden sticks, after 
which they arc boiled and again beaten with wooden instru- 
ments. The product, which comes on the market in finger- 
thick squares, is naturally of inferior value, and even if 30 to 50 
per cent, foreign substances can be eliminated when the 
material comes to Europe, the freight has to be paid for the 
whole. It is also very probable that the acids which are created 
by decomposition have a deteriorating influence and make the 
cuoutchouc resinous. To clean the product properly trials have 
been made with cylindrical cleaners, one of which was sent for 
the purpose to Bopocabaca. Warburg is of opinion that in con- 
nection with the mechanical treatment, but in addition thereto, 
a treatment with alkali or bisuljhide of (.'arbon, which would 
prevent the decomposition, would find better results. Con- 
trasted with the desire to make the caoutchouc of the Carpo- 
dinians and Clitandras a useful product, the method mentioned 
by Dr. Bob. Hcnriquc'S (“ Der Kautschiik und seine Quellen,” 
Dresden, 1899) can only be described as barbaric and can only 
lead to open fraud. The natives pound the roots in a mortar, 
boil the substance and form it into bells, which they offren covct 
with spun caoutchouc thread to hide the enclosed kernel. This 
method is strictly prohibited in German and Portuguese 
colonies. 

1. 2 a. — The Coas:ulation of Latex by Natural Heat. The 
Soil as a Means of separating: the Water. 

Coagulation by natural heat is mainly used in East Africa. 
This does not mean that the process is not in vogue elsewhere, 
but it seems that all the primitive methods, whfch are the cause 
of the inferior quality and the low price, are peculiar to Afri- 
cans, whose laziness is only surpassed by their greediness. 

Several tribes on the Congo and in Angola producing rubber 
mainly^tfrom Landolphias,^ gather the product by t^e following 
method : — 
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The negro taps the tree regardless of the effect of the cutting, 
which can easily cause d(‘cay. The latex flows on the ground 
which IS not even cleaned for the purpose. The hot air absorbs 
the water of the latex, and when this drips on the ground the 
coagulation is already half completed. The hot and dry soil 
absorbs the rest of the fluid, and the negro’s work consists only 
in the picking up of the material. 

It is hardly necessary to criticise such a })rimitive method ; 
but worse remains, for, instead of at least cleaning the caout- 
chouc froin the mineral iinpuritic's, the native adds wilfully to 
them. The soil, which acts in this case as a filter, can only 
absorb the fluid from the ext(‘rnal part of the latex, as a skin is 
soon formed which covers the material and prevents tlie outlet 
of the wat(‘r. Owing to this, the inner material ndains nitro- 
genous matter, sugar, resin, (dc., the caoutchouc is soft and 
sticky and smells abominably, tho, smell nuiking itself still 
more obnoxious later on. The loss ou washing th(‘ material in 
a factory is very considerable. 


^ Coagulation by Natural Heat. Evaporation on 
the Human Body. 

This highly original method is also in vogue amongst the East 
African natives, and is ccudainly ])r('ferable to the last- 
mentioned plan. According to K. \ . Merlon, the Congo col- 
h etors deal with the latex in the following manner : The negro, 
when tapping the lianas, collects the latex in th(‘ hollow of his 
hands. »As soon as sufficicuit has l)een accumulated, ho smears 
the material over his body, and in this curious covering he 
returns to his hut. The latex soon dries up and becomes flaky, 
when it is torn off in shreds and rolled in balls. 

l)r. Welwitsch states that several Angola trilx's use the same 
method. These natives press their hands underneath the cut 
against the j^hint and kd the latex run over their arms. As 
soon as the cover is sufficiently thick the caoutchouc is taken off 
like a glove, beginning with the removal at the elbow'. 

Although this-method cannot be recommended, as it does not 
destroy the matter causing fermentation, it has at least the 
advantage of jyeventing the mixing of foreign bodies with thp 
latex. As the coagulation takes place in thin layers and over a * 
large surface, the evaporation of the watery contents* of the 
latex by the heat of the human body is almost perfect. 
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I. 2 c. -^Coagulation by Natural Heat ; on other Flat 
Bodies but not the Soil. 

Brazil is the home of this method, which is used for making 
Ceara caoutclioiic (C'eara scraps) out of the Mimihot Glaziowii 
latex. But the process is also known in West Africa and India. 

In Ceara it is worked in the following way : The tree is 
tapped when three years old, and when the stem has attained a 
diameter of about five inches. When the seringueiro has 
cleared the ground round the tree he covers it with banana 
leaves to collect the dripping latex. Cuts are then made from 
the bottom to about six feet high on different j)oints and in all 
directions. The latex of the iManihot is much thicker than 
that of the Heveas and Castilloas, it runs very slowly and only 
infrequently flows to the ground. The greater part of the latex 
coagulates on the hark of the tree and remains hanging there 
like the gum on our trees at home. To allow it to become suffi- 
ciently dry it is left several days on the tree and is then taken 
down in strips and rolled in halls, in which form it comes on the 
market as Ceara scraps. 

The caoutchouc collected at the beginning of the season is 
light in colour and is of the best quality ; the second quality is 
darker brow n and is collected when the rainy season has started. 
The caoutchouc collected on tlu; foot of the tree gives a third 
quality, which is often accidentally, often intentionally, largely 
mixed wdth sand and soil. The loss on washing and w^orking is 
often more than 50 per cent. 

It is not to be w'ondered at that caoutchouc produced in this 
way contains a quantity of mineral and vegetable materials^ 
which detract much from its value. The Ceara caoutchouc has 
a fine amber colour and is nearly transparent. It beepmes 
opaque and white when it is stretched to some extent. These 
remarkable properties, which Morellet did not find in any 
other caoutchouc, arc caused by numerous little holes in the 
interior of the material by which the light rays are broken. 

Ceara caoutchouc has a fairly strong smell, which becomes 
obnoxious when the rubber is exposed to moist heat. If clean 
and pure the loss on washing is ‘20 to ‘25 pec cent., and the 
rubber is possessed of much strength. There would be a much 
greater demand if it was more carefully prepared and not so 
much mixed with earth and other substances. 

The latex of the Manihot is, in quality at least, equal to that 
of the Hevea. It is even superior, as the quantify of nifro- 
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genous and other matters causing fermentation is sifialler and 
it contains less water. But still after working the result is only 
75 or 80 per cent, of pure caoutchouc. The difficulty in storing 
Ceara scraps is also a disadvantage, as they recpiire a cold and 
dry storage on account of the danger of fermentation. In spite 
of these drawbacks the rubber from the latex of the Manihot 
(whose thickness makes the working more difficult than that of 
the^Hevea) could be improved by a more suitable treatment. 
Instead of letting the latex run down the tree, it should be col- 
lected ill cups and at once mixed with a weak solution of alkali. 
When quite fresh the latex mixi's easily with water, especially 
if this contains alkali. It would be possible thus to keep the 
latex fluid until it could be properly coagulated by smoking. 
This is a simple and easily accomplished nudhod to obviate tlie 
disadvantages of the Ceara caoutchouc and to ludgliten its value. 
The trials which have been mad(‘ with this method produced 
excellent results and shewed the advisability of introducing it. 
Unfortunately the natives do not wisli to learn, preferring their 
ancient, quicker, and easier process of production. 

The Manihot which grows on the granite rocks in Brazil 
supplies a small quantity only of the thick latex ; but the tree 
can grow also in the valley and in moist soil. The latex then 
becomes thinner and more jilentiful, and it is easier to ein])loy 
the above I’ccommeiided treatment. It would be interesting to 
test the coagulation of this latex by natural heat and with the 
addition of ordinary salt n'commended above. Tlu' best results 
hav(,’ hitherto beim reported by using the nudhod. It should not 
be forgotten that the caoutchouc is much inq)roved by com- 
pressing ihc blocks and balls, the drying becoming more 
complete. 

It iflust tinally be stated that the Manihot in the province of 
Ceara does not supply a uniform latex in every district. 
Whether this is caused by clinuBic conditions or a degeneration 
of the plants is an open question. Jt is true, at any rate, that in 
some parts the Manihot does not nqiay tapping. The taj)ned 
tree givi's a few' drops and tlum the flow ceases. This sterility 
is not real, for if the cut is inserted at the foot of the tree near 
the root tubers, tlie latex oozes out in .satisfactory quantities. 
The native uses this latex for the production of the so-called 
“sernamby.” The preparation is so carelessly done and the • 
material so much mixed with sand and stomps, that it is hardly 
of ar^y use alithongh it has the sanic*properties as the tcara 
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caoutchoi/b. ]t would not be difficult to dig a groove round the 
tree before tuy)ping and to line this with moist clay, which 
would dry to a hard surface. The prepared ground would 
easily absorb tlu* water of the latex, and the result would be a 
rnbl)er as good and clean as is supplied from the plateau. 

II. 3.— Coagulation by akimming after the Addition of an 
Equal Quantity of Water and a Longer or Shorter 
Rest. c 

Th(‘ lat('x of the Ilancornia is treated by this method of 
coagulation. It is used also in Bahia, in several places near 
Nicaragua, in ('('ntral America, for the Castilloa, and in Assam, 
where th(‘ latex of the h’icus is thus prepared. 

In Bahiii, tlu' liiixed latex and water are allowed to remain 
quiescent for a certain time. Two strata are soon formed, of 
which the. upper layer is like butter. As soon as this stratum 
has reached the required density, it is taken olf, dried, and sent 
to the market. 

The natives of Assam put the caoutchouc which has been 
prepared by this method in pots over a small fire to accelerate 
the drying. To nunove the superfluous water and close the 
pores of the caoutchouc the Central American collectors roll 
them with wooden i’oIUts and exjiose them for a final drying for 
a fortnight to the sun, when the material is ready for the 
market. These three methods of production are primitive and 
can only jirovide a caoutchouc of inferior quality. The loss in 
washing amounts fnapiently to *50 per cent., especially when 
the material is fresh. This coagulation method separates not 
only the water but also a certain quantity of nneoagulajted laten, 
which can easily be proved by a microscope analysis, or still 
more simply by pressing a drop between the thumb and fore- 
finger. The warmth of the finger causes coagulation, so that 
when the fingers are sey^arated the caoutchouc can be seen in 
elastic threads (IMorellet). The unyiopularity of the product 
will be understood, although the caoutchouc itself is as strong 
and clastic as others. 

II. 4. — Coagulation by Resting, after adding Four tp Five 
Times the Quantity of Water. 

E. P. Merlon has described the process which is often used 
for coagulating the latex of the Landolphias on the Congo, 
Cuts ^hich go through the bark of the tree are made with a 
sharp instrument, but th?se must not reach the h^art, as other- 
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wise a second latex is tapped which is watery and corrosive and 
spoils the whole fluid. The incisions are either vertical or 
sloping, and always one above another. Under the lowermost 
a broad bent leaf is fixed by means of caoutchouc or clay, which 
collects the latex and guides it to a gourd bottle fastened at the 
bottom of the tree. The bottle has an opening at the bottom 
which is closed at first. The latex is very fluid when oozing 
an^ looks like animal milk which has been thickened by boiling 
for a long time. When still quite fresh the latex is mixed with 
fonr to five times its quantity of wafi'r, and this addition 
accelerates the coagulation. The caoutchouc separates and 
becomes like cream on the surface. After twenty-four hours 
the cork is taken out of the opening at the bottom of the l)t)ttle, 
and the water and a. large part of the organic matters liable to 
cause fermentation are run oil. The caoutchouc is retained as 
a semi-fluid Jiiatei'ial which then undergot's a final coagulation 
in a wooden vessel, in which it is exf)osed to the sun for a few 
hours. The caoutchouc has now thickeiuMl, but it is not yet 
sufficiently compact and requires to be kiuanled. The lower 
portion has lrc(juently become hard when this stage is reached, 
for which reason it is cut up in small squares or thinibles, 
which shape has given the name “ thimbk's ” in the trade. The 
caoutchouc thus ])roduced has, lilo' the aforementioned, the 
drawback of (containing too much water and nitrogenous 
matter, in addition to uncoagulat(‘d latex. The ferm(mtation 
soon makes itself felt by its characteristic and obnoxious smell. 
To prevent this, the material is sometimes washed, but newer 
^ufficiervtly, and the pnxluct is spongy with many holes, which 
contain a sticky fluid causing the just-mentioned smell. 
The^loss in washing is very large, being as great as 30 to 40 
per cent, at times. 

Other kinds of caoutchouc are made out of the latex of the 
same Landol|)hias, which do not show the same disadvantages. 
This proves the contention that it is the irrational treatment of 
the latex, and the method only, that is the cause of the small 
value of the product. 

* III. 5. — Chemical Decompo5ition by means of 
Inorganic Agents. 

This is a speedy, easy process, and it will cause no astonish- 
ment to hear that it has spread quickly in America and Africa. 
Pernambuco, Afaranhao, and several other caoutchouc {qualities 
of *the Ivory Coast are produced by^this method. 
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1. Coagulating with Alum . — This method for treating the 
Hancornia latex hears the name of its inventor, Heinrich Anton 
Strauss. If a solution of common ahirn is added to the latex, 
coagulation at once takes place. The material is spread on 
hurdles to drip off* for eight days, when it is cut to pieces and 
dried for another month in the sun before it comes on the 
market. 

According to Morellet, the Strauss method is very simple, 
but the results are not satisfactory, and the enthusiasm with 
which J. (A)llins recomnuuids it has no foundation. He says : 
“ This method, which has been purchased by the Government 
of Pernainbuco, is excelkuit, as it does not require to be used 
when the latex is collected and further coagulation is a cold 
process.” 

The caoutchouc which has becui produced by this method 
deteriorates in time, and when it becomes old it has very little 
market value. The elasticity of such a piece of caoutchouc is 
soon lost, and it b(‘COines as hard as cardboard and unfit for 
mechanical working. It becomes granulous and brittle, the 
alum blooming and crystallising on the surface. If the inside 
and outside I’ose-coloured rubber is cut open, numerous holes 
can be found, which not only contain uncoagulated latex, but 
also alum water, neither of which has had time to escape 
during the rapid process. A part of the alum water could be 
removed by pressing, but the collector cannot carry a press- 
ing apparatus in his outfit, besides, the drying would still be 
insufficient, not to speak of the evil effects of the alum. The 
method recommends itself by its cheapness and sjjving of, 
wag('S, but the product suffers and the costs for transport run 
high on account of the 00 per cent, loss in washing. 

The coagulation with alum has no great future. The manu- 
facturers have recognised the bad qualities of the product and 
refuse to take it. 

2. Coagulating by means of Sulphuric Acid and Sea Salt . — 
In Maranhao and Matto Grosso sulphuric acid takes the place 
of the alum. Sulphuric acid has, like all other acids, the 
property of causing a very rapid coagulation. This change 

HO i\\hc\x\y Ihal ONapoTixVvoTi ol 

cannot be assured, to which disadvantage must be added the 
lAantiHcptic iiifliicnpc of acids, thus leaving the before- 
mentioned evil results still existent. 

The coagulation can alsb he produced by a soliftion of ftea 
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salt. Salt offers no transport difficulties, its antfseptie in- 
fluence is known, and the salt has theri'fore been adopted in 
the two provinces which formerly used the acids. Several 
African caoutchoucs, such as those from the Ivory (/oast, 
Cameroon, and the (’onj’o, are very mucli like the American 
caoutchou(!S h('re mentioned, and, like these, the}" owe their 
preparation to the treatimuit with salt water. 

5 . Coagtilafion with Soap Suds . — This very curious method , 
which is used in Peru for tnaitin^^ tlie Hancornia latex, may 
be placed bidvveen the decomposition with minerals and the 
coagulation with vegetables. ]/. Bard writes about it as fol- 
lows : “ To coagulate th(‘ latex it is poured into a wooden jiail, 
or holes in the ground, which hold about (15 })ounds of tin* 
fluid. A quartc'f of a pound of soap (or rather more) is dis- 
solved in a pail of water. Two pails of the solution are suffi- 
cient for 65 pounds latex. The two fluids are pounal together 
into one tank and laaiten ))y hand to facilitate the coagulation. 
The caoutchouc comes out in th(‘ form of a bk)ck. To drain 
the water contained in it, it is cut open evei’vwluu’o with a 
knife, but the cuts are seldom deep, as the caoutchouc other- 
wise loses in weight.” 

This caoutchouc is naturally very porous and contaiiis much 
water; the primitive methods pcianit also the easy admixture 
with foreign sulistances. ddie influence of the soap is not quite 
clear; tlu'. addition of wat('r, as in other methods, helj^s the 
coagulation by making the lah^x more fluid and facilitating the 
separation of th(^ little caoutchouc globules from the licpiid. 


• Here itiay also be mentioned the tests made by Hr. Morisse, 
a member of the Count of Bertier expedition (18(S8-89) to the 
Uppoi’ Orinoco, where ho made practical trials with Hevea 
latex. Bousseau writes a])out this in his ('xcellent treatise 
on rubber and gutta-percha : “ Tlis tests to find a method fo]- 
quickly coagulating th(^ latex (and at the same time 7’etaining 
the quality of the caoutchouc) by means of several substances, 
led to the following results : — 

“ 1 part 90 per cent, alcohol coagulates 6 parts of caout- 

wVicih does I'lOt become yellow even in the course of tune. 
This method is* too expensive for practical use. < 

“ Chloride of iron decon, pesos tho latox nr projwtrons of 
to 9. The eaoutohonc obtained is a coarsc-gramod dn.t, has 
an ugly colour, and does not easily co leie. 
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“ 1 pari: of alcoholic solution of corrosive sublimate decom- 
poses 11 parts of latex, and gives an excellent caoutchouc. 

“ 1 part chloride of calcium decomposes 15 parts of latex, 
but it 'is very difficult to preserve this hygroscopic salt in a hot 
climate where the air is always full of moisture. 

“ Muriatic acid has a coagulation power of 1 : 5 ; nitric acid 
has still less inffuence. 

“ Crude carbolic acid has the power of 1 ; 18, but the most 
powerful of all the materials which have yet been tried is sul- 
phuric acid. A solution in water 1 : 50 is sufficient to coagu- 
late 10 litres of latex ; the effect g(K‘s even far enough to 
permit a solution of 1 : 100, but it is only successful when the 
material is shaken and a long time given for development. 

“Iodic acid seems only to be elTective through the accom- 
panying alcohol. Other chemicals which were tried gave no 
remarkabk' results. Of these may be mentioned potash, soda, 
ordinary salt, carbonate and bi-carbonate of sodium and potas- 
siuiij, bromide and iodide of potassium, ammonia, ether, 
chloroform, bisul|)hide of carbon, glycerine, arsenious acid, etc. 

“ Alum, vvliich has been used for several species of rubber 
trees with good lesults, gave a negative. elTect with the Hevea 
latex. The first portions of caoutchouc coagulated by means 
of sulphuric acid, were spoiled by insects and fungus, which 
soon d(weloped in the interior and on the surface. This gave 
Dr. Morisse the idea of mixing a strong antiseptic material 
with the sulphuric acid, and lie found that phenol, which also 
coagulated the lat(‘X, had the right eflect. T]u) traces of the 
coagulation did not disappear until six months after the treat- 
ment, when the caoutchouc was so dry that no ]^ernicioifs 
effects were to be feanal. After many h'sts had been made, 
the following mixtun's were found to be worthy of rt;com- 


mendation : — 


1 Carbolic acid 

4 grams. 

Solution A.] Alcohol for solution 


i Water 

80 ,, 

Solution U. |«';>i;l>"ric acid . 

(Water 

Q 

20 r! 


“ This quality elTected the rapid coagulatian of one Htre of 
latex when it was shaken up in one solution. 

“ A siilution of 1 : GO of the first and 1 : 30 the second acid 
will be found sufficient in most cases, but it must always be 
taken •Tito consideration that the coagulation is influenced by 
circumstances such as temperature, the hygrometne condittons 
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of the air, time of day, etc. On some days the coagiihUion with 
the second solution was protracted and difficult. For this 
reason it is advisable to use the combination of A and B. 

“ To coagulate 1000 litres of latex, ‘2 litres of sulphuric acid 
and 4 litres of carbolic acid are required. The cost of this 
material is very small. Of the given quantity, 100 kilos dry, 
white, hard, strong and firm Bara can he obtained. This shows 
the effect of the method. 

“*The latex of the Hewea is not affected by some reagents 
which coagulate other kinds of caoutchouc, and the desire to 
add new methods of coagulation to the old ])rocess of smoking 
cannot be recommended, especially as the production of caout- 
chouc by means of sonu' solutions has always had an inferior 
quality as a result,” etc. 

Bousseairs ojnnions can only he endorsed. Bara rubber 
owes its quality to its careful and most ex(‘ellent p]‘(q)aration ; 
to giv(‘ this up VN'ould nu'an the courting of considerable and 
iinavoidahlc losses. The antiseptic influence of carbolic acid 
is problematical, only creosote can produce total sterilisation. 

in. <S. — Chemical Decomposition by Addition of Org^anic Acids 

This method is employed in -Nfadagascar, Gaml)ia , l^eru, Guate- 
mala, and Nicaragua. In some cases it is brought about by the 
addition of an organic acid ; in others by the use of an infusion, 
the chemical composition of which is not quite certain, but the 
effect can only be traced to the existeiuje of an organic acid. 

bVom the examination of the African sorts already men- 
tioned, it seems to be citric acid which is used in the coagula- 
tion of tBe Landolphia latex. Morellet writes about this : 
” W^e found frequently in th(‘ Madagascar caoutchouc under 
observiition, grains which .we recognised as coming from the 
Aurantiaceie. At first w-e could not discover how these grains 
came into the caoutchouc, as their frequency excluded the 
theory of accident. We came to the conclusion that the pro- 
cess of preparation had something to do wdth it, and that the 
juice of the Aurantiace.a', which contains citric acid, w^as used 
for coagulating the latc'x. Tliis view has been substantiated 
by travellers wdic? explored the country.” 

Cousin maintains that he produced a nearly transparent, 
amber-coloured qaoutchouc during* his stay at Casamanza by 
the use of the same method, which caoutchouc had a remark- 
able elasticity and durability. This assertion may be dout)tcd ; 
wherf mineraf acids are the cause of a too sudden coagulation, 
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the same* applies equally to vef^etable acids, which are, in 
addition, a hre(Hlin^-placc for all kinds of microbes, causing 
d(‘Coin position. The su])eriority of the method is doubtful. 
A substantiation of this view may also be gU'aned from ^Tada- 
gascar reports, which refer to the adoption of coagulation by 
nu'ans of sulphuric acid instead of citric acid, which was 
fornuirly the only one in use. Some Peruvian colh'ctors use 
■organic acids for treating tlu' Kaucornia lat('x, and the fruit 
juict' chosen is called “ sachacamot(* ” by the seriiigueiros, 
and is taken from a s|)cci(‘s of the lianas, ddie same process 
is (unployed f<u’ the. Castilloa latex in (iuatemala and 
Nicaragua. The coagulation is brought about by an infusion 
of the roots of a bindwec'd, tlie ipo}nr.a bona nox, so frequent 
in Central America, dda? decomposition of the latex is caused 
by an organic but not dcdinalde acid, dlie caoutchouc nro- 
duc('d contains a foreign resin, which lessens its industrial 
va1u(\ as it can only be removed with difficulty and is harmful 
in working. The same lat(‘X supplies a. vovy elastic, strong 
and valuable caoutchouc when treated by another nudhod. 

IV. — Coagulation by a Combination of Natural or Artificial 
Heat with Chemical Decomposition. 

In (Taml)ia (Casamanza) atul on the Ivory Coast the T;an- 
dolfdnas and lianas an' treated by the following method : — 

The colk'ctor makes a slight cut in the liana and presses the 
])ark t<)g('ther. Ivich mark is brushed over with salt water, 
and the 2 to inches long cuts stand closi', not leaving moi’c 
than four inches space betwc'Cn. The latex oozc's at once as 
a thick white fluid. Caoutchoiu! and other contents se])arate 

c ^ c 

immediately under the influence of the salt water, the caout- 
chouc contracting and forming little lum})s. The collector 
takes from every cut a little caoutchoiK; and forms if in his 
hand into a ball. As the material is very tough, each portion 
remains in contact with the cut, forming a thread from the 
bark to the hand of the labourer. The caoutchouc is con- 
tinually issuing from the cut in the form of a thread, the latex 
coagulating at once, and all that the labourer has to do is to 
wind the thread into a ball. The stretching and ^pressing 
between the fingers glues the threads together as soon as they 
are covered by a fresh layer. The formation of these threads 
can only be seen on the surface of the ball, t^nd to unwu’nd the 
ball is impossible. The cuts have to be trr'ated anew with salt 
water from time to tine. The caoutchouc obtflinod ismearly 
white at first, but it becomes darker and takc's a red tinge. 
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The ^veight of the rolled up balls varies from ofte to two 
2 ^onnds, but sometimes balls up to Ih pounds are to be seen. 
As the laboinei cannot hold these balls l)(>twe('n his hands 
he lies down oji his back, rests the ball on his body and holds 
It m position with his hands, in which attitude' he continues 
rolling until the latex is exhausted. 

This process, by which natural and artificial heat act un- 
intiri uj)tedly in combination with a strong antisi^ptic on a, 
small fjuantity of rubber, can only be re'comnu'ndc'd where 
local conditions or the com])Ositjoii of the latex make' smoking 
impossihli'. Ihich individual thn'ad is exposed to the air and 
also to th(' heat of the' laboun'r’s hands, ddie (,'vaporation is 
thus pre'tty thorough, but the ope'ration is very laliorious. 

A \aiiation on the medhod must also be njentioned. It 
supplic's a ])ure product without any addition of ve'gedablc or 
miiH'ral sidistances, such as could be adde'd by tlu' colk'ctor if 
he desired to incn'ase the wi'ight. Tlu'se acts, however, carry 
llu'ir own punishnu'nt, as, if the suspi(‘ion of the buyer is once 
aroused, it is dillicidt for tin* colirctor to hnd a dealer willing to 
purchase without submitting th(‘ rublx'r to stringc'ut tests. 

V.— Separating: the Caoutchouc by Beating. 

It has already Ikk'ii stat('d that a short deseriptiori of this 
method, ivcoimiK'nded by Ph. Piousseaii, would be given. The 
idea of producing caoutchouc in the same way as butter has 
some attractions, as it would be a viuy simple and cheap nro- 
coss. It is unfortunate that the ])roj)osal bc'comes impraedi- 
cyble on, closer c(jnsideration. If the butter has been 
separated from the milk, a sliglit jiressing is sufficient to 
nmio^e all supertluoiis fluid, and a little kneading with salt 
for a time has an antise[)tic eil'ect. Caoutchouc cannot be 
treated in the same w ay ; even when it is made from the best 
latex the drawbaclcs so fre(pi(*ntlv mentioned already are 
always attached to it. 

This completes the description (d the various mc'thods of 
coagulation of the raw caoutchouc. Tlu' results of the experi- 
ence gK’iiTPd hith^udo from all the tests and n'sea relies can be 
condens('d in the following points : — 

1. The density of the caoutchouc latex must considered 
wdien a method is chosen. The iManihots supply a thick latex,* 
and the fluid from the Heveas, Castilloas, Landolphias, and 
Ficifs is morb liquid. It would be w7ong to treat both tiy the 
sam^ process. 
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2. It is always (kvsirahle to produce a caoutchouc with very 
little moisture, and as entire an absence as possible of matters 
liable to set up fermentation. The caoutchouc must not con- 
tain any foreign materials ; neither accident nor desif^n should 
be allowed to raise suspicion or lower the name and value of 
the product. Two metliods cannot be too strongly recom- 
mended : the (1.1a) coagulation by smoking, and the (IV.) 
coagulation by natural or artificial heat with addition 
of ordinary salt. 

3. The use of organic or mineral acids, alum, and the addi- 
tion of water, under whichever form it may be suggested, 
should be avoided, as it always alTects the quality prejudicially. 

4. An important point is the form in which the caoutchouc 
is stored. If it has been prepan'd w ith the addition of other 
duids, the larger the pieces tin* shorter time does the caout- 
chouc keep. The explanation is sim])le. The greatcu* the sur- 
face the more moisture is evaporat(‘d ; the product gains in 
([uality l)y drying, and decomposition is hindered. 

5. The mixing of latex from various source's is strongly to 
l)e depi'ecated, as it always hmds towards interior (piiilities. 
Th(' inferior latex will always intliK'nci' tla^ Ixdter material 
and drag it dow'n to its owm level, without benefiting by the 
addition. 

0. Knowk'dge of the cluunical composition of each kind of 
latex would undoubtedly help to discover in (wc'rv case the best 
method of prc'paration. Unfortunately there is not sufiicic'ut 
data. A search in this direction would be of the greatest 
beiuTit to the industry, and cheunists might woll ^nve these 
points their consideration. Adrian has tric'd to give an exact 
analysis of the latc'x of the Indian Ficus. The composition of 
the Hc'vea latex will bc' made the subject of a closer study in 
anothc'r chapter : of the conpiosition of other kinds of latc*x 
vc'ry little is known. But it is necessary that we should 
^know, as it would enable us to find the best methods of coagu- 
lation and storage of the clitTerent qualitic's of caoutchouc. 

7. A clearc'r knowk'dge of the milk veins, their basis and 
development with regard to the other organs df the bark, would 
bc' equally advantagc'ous. Lit tie has hitherto been done in this 
direction, but these researches would add gre^^tly to our know'- 
It'dge of the qualities and the treatment of caoutchouc. Morellet 
has dissected the barks of sc'veral caoutchouc plants ; his 
example should be follow'ed, and the researclies might be 
exkmded to all caoutchouc plants and the land of their growth. 
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IV. — Commercial Notes. 

Thk raw rubbers known on the international mark(^t can be 
divided, according to tbcir origiji, into the following main 
classes : — 


1. American caoutchouc, 

f South American caoutchouc, 

1 Central ,, ,, 

2. African ,, 

\ East African ,, 

8. Asiatic ,, 

1 West 

1. Australian ,, 



The designation of the dilferejit kinds in tbe ti’fide is not 
always regular; individual kinds ar(‘ oft('n called by the name 
of the province, fiom wbicli tbc'y conn; (although oilier places 
sometimes send the sam(‘ kind), or tJie export station which 
serves as a trading centre labris all (juantities going through it 
with its mark. At otlua- lim(‘s the title is taken from the 
shape in which the caoutchouc coiik s on the market. 

The most im[)ortant forms on th(‘ market, everywhere called 
by English names, are : — 

I. Balls. 

,2. Boifjes : lumps which are made on the wooden forms 
with handles, and taken from tlie form by a side cut; the 
pieces have a bottle-necked ajipearance, whence the name. 

3. buttons ; smaller balls. 

4. Biscuits : thick-cut pieces of oblong shajie. 

ij. Cakes : the same, but roundiu' and of a more irregular 
shape. 

6. (BiistcTS : small marbk's in rows, or little balls sticking 
together having a gcntu’al resemblance in form to a bunch of 
grapes. 

7. Flakes. 

8. Flates : thin sheets and strips. 

9. Heads : larger balls, mostly remnants of Para rubber* 
scrapped together (Negroheads). 

IG. Lump^ ; yiieces of irregular shipe not pressed. 

II. Marbles : small balls. 

• ST* 
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V2. 'Ncgroheads : see Heads. 

]8. Niggers : kDoaded balls of diUVrent sizes, often de- 
formed and tlie original shape not recognisable. 

14. Oysters : two thin round or irregular-shaped sheets 
whicli hang together at one end lik(' tin; shells of an oyster. 

If). Paste : viTy soft massc's, nearly fluid. 

10. Sausage : Anger- or sausage-shaped pieces like spindles, 
but without the woodem sticks. ^ 

17. Scraps : scraps of rublxu' often lumped together in large 
balls. 

18. Sheets : known by the name. 

19. Stabs ; thin sheets. 

20. Spifidles : threads rolled round a wooden stick, often cut 
o[)en to removi' tlu' wood. 

21. Strips : the nanu' suggests the meaning. 

22. Thimbles : piec('S cut in small squares. 

2d. Toiigacs : sheets, tongue-shaped and thin. 

21. Tirists : com|)osed of threads, like a ball of wool. 


General View of 


I. American Rubber 


Tr\df. Namk. 

(TKO<mAl>H- 

i(;Aii 

OlUOlN. 

BoTANICAf. 

()}tlOIN. 

MKTHOnOK 

CoAom.A- 

TION. 

I’r.Af.E OF 

F.\i-ort. 

MAItKKT. 

Packing. 

Form. 

Pine Para ; 
Sirint?a Fina ; 
Island fine, 
soft cure 

Brazil, 

liOWfl’ 

Amazon 

n<'V(‘a 

1. 1 a 

Para 
( Belem), 
Manaos, 
Iquitoa 

t 

Livm’pool, 
Ij(UhIoI), 
Hanibur}^, 
HaM’e, 
New A'ork 

Chests of 

lao-i 10 
1<K- 

Formerly*' came In 
h^oires, flasks, 

pears, shoes, hut 
npw in biscuits or 
loaves; tliepiecca 
weigh usually 15- 
20 kg., but some- 
times as much as 
50 kg. 

Entrefine ; 
Island entre- 
fine or medium; 
Para ^ fine ; 
Entrefina 

Do. 

1 

! 

Do. 

! 

! 

1. 1 a, 
and 

I. 2 c 

Do. 

Do. 

Do. 

Do. 

grogsa 

1 





t 



dirty milky white is always a sign of dampness— i.r. the serum or uncoagulated latex is enclosed in the 

although it 
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All the designations are changeable : qualities known thirty 
years ago have disappeared to room for others from the 

same country and the identical plaiit, the i)roducts of wliich 
have simply taken anotlun* name whem they chanj^ed their 
method of production. It has also been noticed that hi^dier 
prices have l)een paid for inh'rior (]ualities vvlien ti(;k('ted with 
a new name, but the branding is not sufficient, and in most 
casfcs tlic caoutchouc has to sliow an im])rovemi'nt when 
changing its title. 

Under thi'se circumstances, it miglit seem superfluous to 
describe each individual kind. With the daily improviMiient 
in production and the a]>|)eaian(‘e and disap]X‘arance of caout- 
chouc qualities, much that miglit b(‘ said to-day would be stale 
or out of date by to-morrow. A short review of th(‘ la'st- 
known kinds may therefore be given as sufficient. 


Crude Indiarubbers 

I. South America 


Avpkai 

anob:. 


• Dark • 
brown or 
black 


Dark ii^ar tlic* 
outside, whitish 
iiisido ; the 
separate layers 
ave*calletl leavt's 
or skins. 


Like smoked] 
haeon 


Ai)ii.iiat.\noNs. ! V’Ar.rAi'ioN 


Few l'orei{;ii 
bodies often 
tiiixed witli the. 
late.x of Minii- 
[• sops elnta, Miii- 
catidaruba ; 
)noisture varies 
aceordiiij; to 
time of harvest 


Stroll'', 
and v<‘ry 
I'lastie 


The l)iseuits often bear the 
name of tlie factory. The 
harvest is in the wet sea- 
son, end cT June to mid 
October. In wet weather 
Katheriii}' is impossible, and 
the lat('x contaminated, 
little indiaruljher. Bor- 
raeha comes on tlie Brazil 
market from tin; end of July 
to tlu‘ end of December. 


Do. 


Very different 
from that of line 
Para on account 
of difficult co- 
agulation ; un- 
smoked parts are 
a dirty white, 
the smoked sur- 
face a bistre 
brown 1 


Less pro- • 
nouneed 
than with 
<fine Para. 
Like methyl- 
amine 


Few foreign 
bodies, but 
cliiefly liark ; 
moister than 
above 


Weaker 


The large loaves and biscuits 
of fine Para are cut 
through partly at the pur- 
chasing place and partly at 
Para, and all pieces not 
tlummglily smoked and 
showing unsmoked stroakft 
are sorted out as ent|efine. 


indiarubber. A horny, translucent appearance, on the other *hand, is a sign of purity and good quality 
seldom occurs. 
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Trade Namb 

Okoohaji 

icAi, 

Orioin. 

BoTANrCA: 

Omoix. 

J Method c 

COAOULA 

TION. 

[ Pdaob: oi 
Exroirr, 

'' Market 

Packing 

Form. 

NegroheadH 
Inland Negrc 
heads ; Ser- 
naniby; Her 
narnby de 
Borracha (D( 

; Brazil, 
)- Lower 
Amazon 

e 

Hevea 

I. 1 a, 
and 

I. 2c 

Para, 

Belem, 

Manaos 

IquitOH 

Liverpoo' 
Ijondon, 
, Hamburfj 
Havre, 
New Yor] 

1, Cliests 0 
, tmiH of 
h 200 kg. 

k 

r Conies on the mar- 
ket either in great 
blocks, or more 
usually in irregu- 
lar pieces the size 

lebe); Cabec 
de Negro 

a 






of the hand, whicli 
stick donger with 
the tight packing 

Caviana 

Caviana, 
an island 

Do. 

1. la 

Para 

Do. 

Do. 



at the 
mouth of 
the 

Amazon 


' 





Caiueta 

Para 

Do. 

Do. 

Cameta 

Para 

Do, 

Do. 

Like Negroheads 

U^n-iver 
Para hne, hard 
cure; S. rtao 
hna 

Upjior 

1 Amazon 

Do. 

Micranda 

Do, 

Iqnitos, 

Manaos, 

l^ara 

Do. 

Do. 

Biscuits, loaves, 

smaller, harder. 






and drier than 
those of Island fine ■ 



Upriver Entre- 
fine or medium; 

Do. 

Do. 1 

Do. and 

Do. 

Do. 

Do. 

Do. 

Sertao entre- 


1 

I. 1 c 





fine. 


1 






Upriver 
Negroheads ; 

Do. 

1 

Do. j 

Do. 

Do. 

Do. 1 

Do. 

bike Island Negro- 

Hernamby; Her- 
tao ; Cabeca 
de Negi'o 


1 





heads 

Virgin sheets 
or Matto (rros- 
HO Para (Para 
blaiic) 

Matto 

Grosso 

(Brazil) 

Hevea 

! 

IIl.O 

Manaos, 
Monte 
V'ideo, Rio 
Janeiro 

New York, 
Ikju don, 
Hamburg, 
Liverpool 


Inirge regular loaves 

00 cm. long and 

00 cm. wide and 
lO em.‘ thick-; 








smaller loaves of 
half size 

Ceara scraps ; 
Manitoba 

Ceara 

(Brazil) 

Maniliot 

Glaziowii 

I. 2 c 

Ceara 

Liver] joo], 
Mew \k)rk, 
Hamburg 

Bales ] 

bitt/e strips or 


( 

Manipoba 
•r Ijeitcra)| 




tears massed into 
lnm|)s, the lumjis 
lieing jiressed to- 
getlier while fresh 
m the iiacking, 
coliere into blocks 
np to 150 kg. 

1 

1 

1 

1 

Pernambuco ; 
Mongabeira 

Pern am- I 
buco 

laucornia j 

III. 5 

Pernam- 

buco 

C 

• 

'best and I 
bales 

tight-angled plates 
of various sizes, 
ofeen 150 X GO- 
TO X 8-JO cm. 

Maranham M 

faranham 

Do. 


Maran- 


Chests 



(Blazil) 



ham, 

Hantos, 




y 



1 

Bahia 
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APrEAR- 

ANCE. 

Section, 

Kmkm.. 

r ■ 

Adui/i'kiiations. 

Valuation 

• 

• Remarks. 

Black. 

Yellowish white 
with black veins 

• 

I-jess pro- 
nounced 
tluui with 
fine Para. 
Like methyl 
amine. Oftei 
mouldy 

With sand and 
inelastic “dead” 
rubber ; much 
moisture 

Deficient 

in 

durability 



V'ery sniootli 



... 

1 

Excellent sort. 

• 

Paler than 
Negro- 
heads 

L Yellowish white 
or quite white 



i 

... 

Dark 
brown to 
block 

Dark outside, 
light inside, 
flaky 

Smoky 


X’ery pure 


Do. 

Like Island 
entreflne 

Smell less 
smoky 


... 1 

1 


Black 

Paler, with dark 
veins 

Not smoky 




Pole 

brown 

• • 

Straw yellow or 
greenish nuirb- 1 
ling, especially 
at the idges 



Weaker 
than brown 

1 ’ara 

Harvested from August to 
February. As witli Para 
we ilistinguisli fine, i fine, 
and Sernamby. 

J\i]e and 
dark 
amber 

PaiTi amber, on 
stretch i Tig 
white and | 

opafjuc 

V^ery marked 
and un- 
pleasant, in- 
creased by 
damp liciit 

Always with 
vegetable deliris, ; 
often with sand. 
Dampness iqi to 
b3Vb 

Fairly ( 
-itrong ami 
esteemed 
when of 
good 
quality 

Jeara indiarubber is freed 
from serum by pressure. 

Iteddish 
yellow 
with an 
efflores- 
cence 

Orange yellow 
many^ holes filled 
with* alum con- 
taining serum 


11 

1 

Inelastic I 
little es- 
teemed, 
iometimes 
ised for the 
<ako of its 
!ine colour 

-S made hard and brittle in 
time by tlie alum. This 
sort wdll soon be discarded 
for Maranham. 

1 

Smooth 

and 

shining 
without ef- 
florescence 

Pinky white, 
turning a wiye 
led in the air 

. 


» 

Stronger 1 
and more 
clastic 

Ihe serum contains sugar. 

M 



90 
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Tiudk Namk. 

j GEO(il^AI‘lt- 
j Il’.AJ. 

j OltUilN. 

! Botanical 

1 OUICIN. 

1 Method oe 
j COAOULA- 
i TION. 

j Place; of 
E.\1‘()Rt. 

Mauket. 

Packing. 

1 Fonw. 

Ball i a 

Bahia 

Ifancoriiia 

1. 2 a 

Baida 



Irregular massesiup 








to 20 kg. 

Cartagena 

Colombia 

Hev<!a 

i. 2 c 

r'artagenn. 

Havre, 

1 Chests, 

Big lumps u[i to 80 

(Enquebn) 



j 

aii'iia 

N« u York 

barrels, 

kg. ^ formed of 




j 


London, 

and sacks 

plates or strips 




i 


Hamburg 


folded togetiier 
like Nicaragua 


Venezuela 


I 




scraps 

Cuirlad Bol- 

Hevea, 

j 1. 1 a, 

Bolivar, 

Hamburg 

Boxes or 

1 Like Piira 

ivar, Colombia 


Callotro[)is 

often 

Manaos 


tins 


Virgin 


proeera, 

111. -) 







llaiicornia 

(Morisse) 







speciosa, 

Sapium 

biglodulo- 








sum 








(Lechero) 






Cayenne 

French 

Guiana 

Jlevea 

r. 1 a, 

Cayenne 

France 

Do. 

Do, 

Caueho slabs 

Peru 

Hevea, 

1. 2 a, TIL, 

bjnitos, 

New Y'ork, 

Boxes 

Big blocks, or like- 

( Peru V inn 


Cameraria 

r» and 5, 

Manaos, 

Havre, 


tliH! Para 

slabs) 


latifolia, 

cut to get 

Para 

Liverpool 




Ilaneornia 

rid of the 






s|)eciosa 

serum 





Peruvian balls 
Sernainby de 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Like Negroheads 

Perou, 

Sernaniby dc 





i 



Cauolio 



1 





Guayaquil in 

Ecuador, i 

(.'astilloa 

iir. 

(iuaya- 

Hamburg, 

Sacks 

liarge plates, up to> 
100 X 70 X 5 cm. 

plates 

Colombia 

1 

5 and 0 

<iuil 

New York, 
I;ondon 

, 

Mollendo 

Bolivia j 

i 

1 


Mollendo, 

ontheeoast 



Biscuits and sheets; 

« 




i 

of Peru 










I. American Rubber. 

Colon and I 

Central i 

Castilloa 

HI. 1 

Colon 1 

! 

. 1 

Stri[)s 10 cm. thick 

Panama | 

America 1 


5 and 6 ; 

1 

i 

j 

j 

and up to 3- 
metres long 

Mexican and | 

Vera Cruz,; 

Do. 

1. 1 b, and San BenitoiNew York.l 

Boxes, 

Plates 1-4 cm. thick 

oilier West 

Tauma- j 

1 

an un- 

Tone, la, 

Haml)urg, 

sacks 

and f)0 cm. long 
byGOwdde. Somo- 
% times in balls of 
6-6 cm. diameter.- 

Indian and 
Central 

American sorts 

pilas, Ta- j 
basco, 1 
Guerero, 
Baraca, 


known 

process 

Vera Cruz, 
San 

Salvador 

1 

London 

• 


Repic 







c 

Chiopas 



1 




Guatemala ( 

Gruabemala 

Do. il 

' 

tll. 0, with GuatemalalNew York, 

Sacks 

Plates. 



j 

Ipomea 

Cham- 

)ut of late 1 





Bo|^a-nox 

perico 

Hamburg I 








chiefly j 
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ApI'KAR- 

ANCE. 

Section, 

Reddish 

orange 

Pinky white. 
Holes tilled witl 
serum and un co- 
agulated late.x 

Black 

Brown, black, 

^ green 

Like Para 

Like Para 

• 



Smell. I AnrLTEU.vrio.v. 


Do. 


Deep black 
with a 
grimy 
surface 


Blackish 


Do. 


Yellow, turning 
slate grey in 
[tiiiic ; very porous 


' Wood, sand, 
loam, very damp 

I I 


Like niethy- 
lamine anil 
mould 


Earth 


Slightly ,* Often mixed 

smoky with the juice of 

1 Massaranda and 
j Pindar 


Do. 


Fairly pure 


JMuch saml and 

wa^er 




Not mueli 
eHteemeil 


Fairly 

esteemed 


Rkmauks 


There is another sort of 
I Cartagt'na rubber which 
; has been longer known 
and has the characters of 
j («uaya(jui]. 


Like I’ara 
and it is 
often sold 


ar\ est, No^end)er- April. 

Sometimes got on the Ori- 
noeo by felling the trees, 
as 1 aia | Loses cjuality by being mixed 
with other juices. 


Ijikelnra jAccording to Coudroau the 
j exjiloitation is much 
neglected. 


Blackish green, 
very damp, and 
with blisters of 
waV'i- 


Very impure ; 
earth and v<‘g. 
debris; much 
water 


Very elastic ! 
and ju ized, i 
but th(‘ I 

colour is I 
disliked ! 
[Scrnambillc 
is better 
than Negro- 
jheiuls, as it i: 
less porous i J 
and Contains! I 
less water j 

Sometinuis ! 
very elastic, | 
sometimes | 
lull and full I 
jof earth, lik(> 
Cartagena 


The harvi'st begins in 
August. If the rubber is 
V boih'd in water it turns to 
a dirty white. The de- 
coction is a strong purga- 
tive. 


I 


2. Central America. 


... 




As j 

(sivtagena ; 

Black 

Black, brown, 
yellowish-green, 
sometimes a 
br(^wn liquid 
flows from the cut 

1 ,, 

Sand, earth, 
loaves ; som<‘- 
times .splinters 
of wood 

Very strong | 

Black 

Black, partly 
yellowish -green 
and brown, con- 
tains a thick 
liquid (uncoagu- 
Jbted rubber) 

Very char- 
acteristic 

Dirt, bark, 
earth 

Sometimes 
as strong as 
(Guayaipiil ; 
sometimes 
less so 
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TlliDK Namk, 

1 Gkoouai'ii- 

, 1(.AL 

: OiiioiN. 

Botanical 

Origin. 

Method or 
COAOVLA- 
TTON. 

Place of 
Expokt. 

Market. 

Packing. 

Form. 

N iciirii^nia, Nicanij'ua 

Moxican, Mexico, 

Keiiadftr, and ;Saii Saha 
\V(ist Jiidiuii (lor, Ecua 
scrajiK. dor 

Castilloa 

U. ;i 

Grey town 
Vera Cruz 
Guayaquil 
San Halva 
dor, Quito 

Hamburg 
New York 
London 

Boxes or 
tins 

1 

Sausages as thick as 
the arm, or balls 
at least as large as 
the head. Some- 
times dice of 60-80 
cm. side. They are 
alwpys masses of 
strips, tears, and 
scraps of sheets. 

II. African 

Sniepal and 
BisKao laillrt 

Sene- 

gambia 

Soudan, 

Hissago 

Islands 

I laindol- 
pliia, Cal- 
lotrojtis 

1 procera, 
Ficus kbal 

IV. 

Rio Nunez, 
Bissao, 
BoUuna 

i Hamburg, 
Marseilles, 
Liverpool 

('asks 

Balls or jihies 

Gambia ball). 

SeiM'- 
gambia, 
Matbnrst, 
Jbssagol f,., 
Soudjui 



Diiku, 

Batbui’st, 

Bolaina, 

Bissao, 

C'asa- 

manca 

Hamburg, 

Marsidlles, 

Liverpool 

(.'asks and 
sacks 

Balls. 

OaHamaiiee 

(Boalamj 

'I’able-land 
on the 
rigid bank 

of the 
( 'asamance 

Lan- 

dolpbia 

I. 2 b 

Boulam 

Marseilles 

Chests 
and tins 

Like Senegal rub- 
ber 

CaKamaiiee 

(Gambieiij 

T,eft bank 
of 

(.'asanmnce 

Do. 1 

1 

IV., some- 
times Til. 
(). Citric 
acid 

Zigbinebor 


* 

Pieces of :K)0-800 
grammes, or even 

2 kg. 

Siorra la;oii(', 

Mmsaai Nigg('rs 

Sierra 

UeoiK*, 

b’rencli 

Guiana 

Lan- 
dolphia, 
Diander, 
L, owari- 
ensis 

L. florida 

1.2 b 

Freetown 

Tjiverpool, 

Hamburg, 

Marseilles 

• 

Barrels 
and casks 

Balls 

Sierra Tjcoiie | 

Sierra 

Jjcone, 

Do. 


Conakry, 
Rio Pungo, 
Mano 
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Appe.vb- 

ance. 

Section. 

Smell. 

Adcltkiiations. 

Valuation. 

Blackish 

Usually blackish 
and shiny ; 
BOmetimes yellow 
l)ut soon 
blackened in the 
air 

• 


Little moi.sture, 
some cork, and 
Hometiines 
falsified with 
sand 

Much 
fu'ized ; 
ranks next 
to fine 
Para 


Rubber. 

Bronaiisli I White and 
black pink 


Brownisli 
white and 
black 


Pinky white 


i Much moisture, 
I sand, Iniik, iind 
dirt 


I Sometimes 
very stroiifjr ; 
■fairly 
esteemed 


Moisture, sand. Pure dry 
a little bark balls ; umch 
ju’ized ; low- 
er (jualities 
less so 


Dark Grey, [)assin<]j to 
brown cream and red- 
dish ; lioles atid 
much sand 


Bad 


Mud, earth, and 
sand 
I 


Small 


At first 
white, 
then 
reddisii 
brown 


Concentric lay- 
ers, reddish- 
brown to white ; 
white predomi- 
nates, hut ex- 
posed to air 
assumes the red- 
browm Ahade of 
the outside. 
Sometimes con- 
c^entric veins 
black, white, and 
pink. Rubber 
got by the III. 0 
method has a pale| 
I amber colour i 


Few foreign 
bodies. Rather 
damp 


Rather 

strong 



Red, red- Red, red -brown, 
brown, white 

white 


None 


Sometimes \ ery 
pure ; sometimes 
mixed with bark 
and earth ; 
sometimes dry ; 
sometimes dam[) 


Dry red hall.‘ 
are much 
[U’ized ; but 
not soft wet 


Brow'n 


White 


Sometimes very 
pure, but often 
mixed with earth 
and bark inside, 
and with only the 
outside good ^ 


Strong and 
much 
valued 


Rfmarks. 


MosLlv eomes on tho market 
in Marcl). 


This would be an excellent 
rubber if it was not mixed 
with other kinds of latex. 
Tlio black rubber in these 
i.s very sticky, and works 
injuriously on the 
stuff. A good, very stroJig 
and elastic rubber is got 
by the 111. G method. 
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TnvDK Namj- 

1 c 

Gkoohai-i 

* j Hotanica 

J M KTHon < 

V ^ ^ 

— 



— _ 



OruoiN. 

I OlOl.IN. 

CoAlil'M 

TIO,\, 

Expoitr 

Mahkkt 

Packing 

Form. 

Tiiboria 

Iiib»‘ria 

1 iaui- 

J Wolpbia 

IV. 

Monrovi 

a 1 llambur* 

■ liondou 

b j Casks 

j 

Balls and lumps 

Oraiul Basrtaj 

11 Ivory 


IV. 

Grand 

Bassam 

I Liverjioo 
j ilamburi 



(AHsijiien) 

( Axiiu) 

Coast 

J ian- 

j dolpbia, 

, 1 Casks am 
3 1 clu’sts 

Lumps 

(Attabaj') 

1 

iUrostigimi 



i 


<• 

Cape t.'oast 

1 ( b)l(l 

j Coast 

Kick.xia 

i 


Monrovia 

Grand 

1 

: T/ondou, 
j Hamburg 


Big lumps 


1 



Bassam 

1 



Accrali Inniph 

! Do. 

Do. 


Saltpond, 

Winnebal 

j Do. 

Casks 

1 

Sal fcpond 
lumps 

1 Do. 

j Do. 


Saltpond 

I Do. 

1 

1 

i - 

1 

1 Do. 

Lagos lumps 

1 Lagos 

1 

j Do. 


Lagos 

j 

Do. 

! 

Do. 

('aiiK'roon 

Cameroon 

' Do 



Do. 

1 


balls 


j Lan- 


( ameroon 
IMalimba, 


Small balls 



dolpJiiu 


Batanga., 



1 





Cam])o 




Batango balls 

Do. 

Do. 


Do. 

Do. 


Do. 

Bata thimbles 

Do. 

Do. 


Do. 

Do. 


Do. 

Nigiu- Nigers 

Niger : 
'L’erritory ! 

1 Taiu- 
dolpbia 

111. 5 

.'\kassa, 

Barrata 

Liverpool ' 

Saelis and 

Balls lu'ossed to- 

I 


(partly 



casks 

gi'tber 



root 








rubberj 



j 



Gaboon balls 

French 

C’ongo 

Lan- 

dol[»bia 

llorida. 

Unknown 

C. TiOpez, 
Gaboon, 
Bata 

i 

Hamburg, j 
iiiverpool j 

Casks 

lairge and small 
balls 



L. pett'r- 
siana, L. 


Kloby, 

Mayumba 

i 


* • 


1 

1 

owariensis 





Gaboon 

tongues 

Do. 1 

Do. 

Do. 

1 

Do. j 

1 

i 

1 


Somali longisb balls 

Hod Kassai 

Congo 

State 

IjaJi- 

dolpliia 

L 2 e. 

Leo|)old- 

Bonia, 

.\n twerp 


“^mall balls stuck 






together ill tens, 





Cabinda 

1 


HO as to form a 
pair of short tufts 

Black Kassai 

Do. 

1 )o. [ 

biknown, 

Do. 

Do. • 





proliably 

1. 2 c. 


• Ikifts 

Kassai strips 

Do. 

Do. 

Do. 

Do. 

Do. 


In rolls 

Black ball 
Kassai i 

Do. 

Do. 

Do. 

Do. 

Do. 

1 

'ueijually sized 








masses, pressed 
tog^dher into 







1 

balls 
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AlM’EAR- 

ANCE. 


Wliite, 

brown, 

black 


Black 


Dark 


Do. 

• 

Do. 

Do. 

Black 

Do. 

Do 

Will to, 
rod 


Black and I 

I 


Red 


Black 


Black 


Section. 

Hmei.l. 

Adcltehations. 

V.VT.l’ATlON. 

1 

Rkaiarks. 

Tbo balla wliito 
and pink, the 
IninpK }.jrt‘('n, 
ycdlow', and white 

Dark and li{j;bt 
Kroon 

• 

The balls 
have little 
smell ; the 
lumjis a very 
bad one 
Bad 

The balls are 
pure, but rather 
damp ; tlie lumps 
very wet 

Fairly jiure, 
but damp 

h’airly gofid 


Yellow 

Do. 

... 



Yellow, brown 

Do. 

Often with 
eartli 



Do. 

Do, 




Silky-wliito 

Do. 



Silk rubbi'r 

Flesh-coloured to 
red 

Do. 




Do. 

Do. 




Do. 

Do. 




White; the mot 
rubber, ])artly 
red 

Little 

SometiiiK's pure, 

1 but <lamp ; 

min-h bark in 
till' root rul)l)er 

I The white 
■ balls are 

1 str<»nK and 
j prized ; tla^ 
root rubla'i- 
i is soft and 
resinous 


The lavKO balls 
pink, blue, and 
red ; th^! small 
Krey, white, and 
Kreen 

• 

Bad 

Bark and sand ; 

\ ery damp 

The larKo 
balls ar(? 
stroiiK and 
prized, but 
tlie small are 
soft and of 
less esteem 

Action of bleaching powder 

White and Krey 


Sandy, ontsiile 
damp ; some- 
tim<!s limey 

Jjitth; valued 

Do. 


i 

i 

\'ery few 

( 'onsideri'd 
the best 
(/Oiigo sort 


• 


Often mineral 
and A'olatile 
bodies 

Less 

valuable 




Volatile fei ' 
mentiuK bodies. 
Neither sand noi 
wood, but a Kooci 
deal of for- j 
mentinK matter 

Fairly 

strouK 

• 
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TiUDt Name. 

OecjoJiaph- 

ICAL 

OllIOIN. 

Botanical 

Okloin. 

Method of 
COAOULA- 
TIOM. 

Place of 
Expokt. 

Mahket, 

Packing, 

Form. 

Ordinary 
Upper Congo 

Congo 

State 

Lan- 

dolphia 

Unknown 
probably 
1. *2 c 


Antwerp 


In masses of balls 
pressed together 

White 

Upper Congo 

Do. 

Do. 

11 r. f> by 

means of 
the plant 
Bossanga 


Do. 


Balls 

Equator 

Do. 

Do. 

Do. 


Do. 


Balls stuck to- 
getficv 

Lopari 

Do. 

Do. 

Do. 


Do. 


Balls 

Busira 

Do. 

Do. 

Do. 


Do. 


Do. 

Aruwiini, 
Mongol a, 
Bumha 

Do. 

Do. 

Kome- 

tiines 

with water 


Do. 

... 

Balls up to 5 kg. 

Uello 

Do. 

Do. 



Do. 


Plates up to 10 kg. 

Lower Congo 

Do. 

Carpo- 

By 

Ambriz, 

Hamburg, 

Sacks and 

Cut into square 

tiiimblea and 
ballH 

Angola 

diuus, 

Clitaiidra 

boiling 

and 

beating 

Kissemlx*, 

Macalla, 

Maklai 

Rotter- 

dam, 

liisbon, 

Antwerp, 

Ijiverpool 

casks 

pieces 

Kidinga balls 

Do. 

Do. 

Do. 


Do. 

Do. 

Do. 

Waniba 

thimbles 

Do. 

Do. 

Do. 


Do. 

Do. 

Do. 

Luvituku 

thimbles 

Do. 

Do. 

Do. 


Do. 

Do. 

t 

Do. 

Lauda balls 

Do. 

Do. 

Do. 

Landana 

Do. 

Do. 


Angola j 
thimbles 

Angola 

Do. 

! 

Do. 

Ambriz, 

Loanda, 

Benguela, 

Mossa- 

medes 

Lisbon, 

Antwerp 

Do. 


Loanda 

Do. 

Lan- 

I. 2 b, 

S. Paul de 

Marseilles, 

Chests 

Tliimbles or dice 

thimbles 


dolphia 

11. 4, 

1. 2 a, 
IV. 

Loanda 

Bordeaux, 

Nantes, 

Havre 

and tuns 

from 5 mm. to 3 
cm. size 

Loanda 

Niggers 

Do. 

(Loanda) 

Do. 

I. 2 b, 

1. 2 c, 

IV. 


Hamburg, 

Lisbon, 

Liverpool, 

Rotterdam 

Sacks and 
casks 

Balls sticking to* 
gether in chains 
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Appeab- 

ANCE. 

Section. 


j Adulterations. 

1 

Valuation. 

• 

Remarks. 




j Bark and about 
H% water 

Strong 

The first sort imported from 
the Congo 


White 


Very pure, 
G-a% water 

Very strong 

... 


• 


Very pure 
G-7% water 

Strong and 
good 





Volatile and 
fermenting 
bodies 

Very elastic 
ami as much 
esteemed as 
Equator 


'V 




Much 

priced 

Nearly as much as Equator. 



Very bad 
and 

penetrating 

As much as 115% 
of fermentable 
matter 

Good 


White 



Fairly pure ; 
volatile, but only 
occasionally fer- 
mentable bodies 



I. Red and 
black ; 

II. Black 
and 

reddish 

I. Red and black ; 
II. Red 


I. Pure, occa- 
sionally sandy ; 

TI. Contains 
bnrk, and some- 
times earth. 

I. Strong, 
but some- 
times 

resinous ; 

II, If dry 
much sought 
for, but not 

if wet 


Do. 

Do. 





Do. 

Do. 





• Do. • 

D». 





Do. 

Do. 





Do. 

Do. 





Slate-grey 

I. Red and 1 
black ; 

II. Reddish 

Shiny slate-grey 
with white dots 

• 

[. Red and black ; 
n. Red 

Bad, like 
dry Congo 

• 

Very little 

No foreign 
bodies 

I. Pure and dry 1 

II. Much bark, i 
sometimes sand 

Inclined to 
become soft 
and greasy ; 
the most 
prized 
Angola sort 
[. Strong and 
much prized; 
II. Weaker, 
but if dry 
uid not oxi- 
dised, fairly 
jirized ; 
resinous 

To be kept cold. 

Is gradually disappearing 
from the market, being 
replaced by the f^lowing 
sort. • 


a 
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Tradb Name. 

Geograph- 

ical 

Origin. 

Botanical 

Origin. 

Method OF 
Coagula- 
tion. 

Place of 
Export. 

Market. 

Packing. 

Form. 

Angola 

Niggerfi, 

Angola 

Negrohead 

Angola 

Lan- 

dolx)bia 

I. 2 b 




Irregular balls, 3-6 
cm. in diam. 

Benguela 

Niggers 

Benguela, 

Mossa- 

medes 

Bo. 


Benguela 

Hamburg, 

Lisbon, 

Liverpool, 

llotterdam 

Sacks 

In sausages and in 
balls joined to- 
gether in chains 

MoEambique 

marbles 

Mazam- 

bique 

L. Kirkii, 
Ti. peter- 
siuna, L. 
florida 

III. 

Mozam- 
bi(pie, In- ! 
hambanc, j 
Beira, lbo,i 
Quiliniane 

Hamlmrg, 

Tiondon 


Small balls 
squeezed to- 
gether 

Mozambit(ue 

balls 

Mozam- 
bique, 
German 
E. Africa 


IV. 

Mozam- 
bifiue, 
Bagamojo, 
iKilwa, Bar 
es Salaam, 
Lindi 

1 

Hamburg, 

London, 

Rotterdam 

Sacks and 
boxes 

Small and largo 
balls 

Mozambique 

spindles 

Mozam- 

bique 

Tjan- 

dolpbia 

I. 2 c, 

wrapped 
on wood 

Beira, In- 
bainbane, 
Ibo, Quili- 
mane 

Bo. 

Sacks 

Spindles 

Madagascar 

black 

Mada- 

gascar 

Willugb- 

beia 

IV. 

Nossi Be, 
Majunga 

Hainlmrg, 

Marseilles, 

London 

Sacks and 
boxes 

Big round pieces, 
often cut in two 

Ma<lagascar 

pinky 




Tamatave 




Madagascar 

Niggers 

L 



Nossi Be, 
Fort 
Bauphin 

1 

Mats, casks 
and sacks 

Big balls 
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APrEAK- 

anck. 

Skciion. 

8m ELL. 

Aocltekations. 

1 Valcation 

1 » 

! Rkmauks. 

Reddish 

brown 

Reddish brown 
and nearly trans- 
parent, witli the 
middle very soft, 
but hardening 
in a few days in 
the air 

• 


Batlier damp. 
Some small 
vegetable debris 

j Less 

1 strong ; 

rather 
j sticky 


Reddish 

Bed 


Dry ; much 
bark 

1 When dry 

■ much 
ipriy.eil ; bn) 

; not fresh 
igitods. Pale 
j inside and 

■ oxidising 

easily 

1 


Black*and 

reddish 

Bed, rarely 
wliite 


Much bark, 
sometimes saiid. 
Dump 


Brown 
and pink 

Red, bronze 
pink, wliito 

None 

1 

1 

The best is very 
pun* and dry. 
Inferior sorts 
contu ti sjind 
and vegetable 
debris, and are 
damp 

i The b(‘st, 
i se]*arat(dy 
cut balls 
are valueil 

1 fur their 
'small waste 
: and high 
j (piabty. 

. Bven in- 
ferior sorts 
are sought 
' for 

! 

1 

i 

Browi 
and red 

• 

Bed and 
brownish, rarely 
black 

1 t 

Bo. 

Bark and sand. 
Dry 

Mucli 
prized if , 
nnadulter- 1 
ated, as 

1 they make 
little waste 
and are 
very strong 


Black 

WRite, pink, 
3 'ellow, green 

Bad 

Kartb and v(‘ge- 
table debris. 
Very damp 

fjess prized 
than pinky 

Suitable for hard rubber 
making. 

Brown 
and, black 

Pink, white 


Pure, but ilamp 

Much 
jiri/.ed. 
Very elas- 
tic, tli(*ugb 
not very 
strong 

A special favourite in 

America. 

B'ack and 

Brownish, 

Slight 

]>ry, Vnit usually 

Y<‘,llow 


yellow 

whi4e, black, 
yellow 

• 

much ailulter- 
ated with earth 

W. (.'oast 

N iggers are 
usually soft 
but often, 
like the E. 
Coaijt Nig- 
ger>^, very 
strong and 
much 
prized' 




100 


RfBBER, GUTTA-PERCHA AND BALATA 


i — ^ — I 

1 GKO(tnAPH- 
TltiDE NaMK. I ICAL 

i 

Botanical. 

OUUUN. 

Method ok 

COAOITI.A- 

Place of 
Export. 

Market. 

Packing. 

Form. 

OUKilN. 

TION. 







111. Asiatic 


Assoin 

N.-W. 

Bengal, 

Brabina- 

putra 

Ficus, 

U rceola 

I. 1 b, 

II. ' 3 , 

1. 2 c 

Calcutta j 

! 

London 

Sewn in 
jute and 
\vrapi)ed 
with palm 
loaves 

[jumps up to 160 
kg., which cling 
fast to the wrap- 
ping as this 

rubber soon gets 
tougii and smeary 

Rangoon 

Burinah, 
Cochin- 
China, 
Annam, 
Tonkin ' 

Ficus 

elastica, 

Urceola 

esculenta 

... 

Rangoon 



[rregular masses 

Penang 

1 

Sumatra j 
and Sunda 
iHlands j 

Ficus 

cynan- 

chum 


Penang, 

Singapore 

London, 

Hamburg 

Boxes j 

1 

1 

Big halved lumps 
and balls 

Ceylon 

Ceylon 

Manihot 

Glaziowii 


(.’eylon 

Tjondon 

Do, 

Irregular dice of 
about JO cm. 

Java Olid 
Padang 

Java, 
Sumatra, 
and other 
Sunda 
Islands 

Ficus 

1..2C 

Batavia, 

Padang 

Hamburg, 

Rotterdam 

Boxes and 
baskets 

Big halved lumps 
and balls 

Borneo 

Borneo 

Urceola, 

Willugh- 

beia, 

Dijera, 

iCallotropis 

1 

III. 5 

Singa])ore 

Hamburg, 

London, 

Havre 


Big lumps, flat 
pieces and halls 

Djambes 

Sumatra 

i 

1 Urceola 


Singapore 

Loudon 

Sewn in 
jute 

Balls and plates 

Borneo (Ben 
Koclen) 




Elockpura 



Thin plates 


1 






lY. Australian 

New Cikle- 
donia 

New Cale- 
donia 

Ficus 
prolixa, 
UroH- 
tigma 
prolixa, 
Arto- 
carjius in- 
tugrifolia 

1. 1 a 

Port Vila 

1 Marseilles 

i 


Biscuits, like Para, 
of 6-10 kg. Also 
halls 

Noumea 

New Uuinea 
balls 

Do. 

New 

Guinea 

FicUH 


Noumea 

Port 

Moresby 

Do. 

i 


Do. 

Strings of little 
balls 

Bainarei 

( 

Do. 

^0. 


Samarei 


• 

Do. 
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Appkak- 

ance. 

Section. 

Smell. 

AnrLTEUATIONS. 

Valuation. | 

T5EMARKH. 

Indiarut 

Brown 

bers. 

Dark, and grey 
or reddiBh, with 
white, almost 
transparent, 
places 
t 


Damp sand, 
earth, wood 

Formerly 
miicli prized, 
but now less 
so, as the j 
quality is 
not so good 

[.s disappearing from the 
market. 

Very ^ark 

brown 

Shiny, marbled, 
red, white, and 
block 


Always with 
wood 

TjOss valued 
than the 
last 


Red, 

broVn 

Red, pink, 
whitisli 


Wood and a 
littUi earth. 
Sometimes damp 

Good dry 
stuff much 
prized, but 
not soft 
sticky stuff 


Black 

Brown and 
translucent 


Sand and earth 

Fairly 

strong 

Well cultivated. Only re- 
cently introduced. 

Red, 

brown 

Glossy, red, 
pink, white 

Little 

Wood, a little 
earth. Sonie- 
timcK damp 

If good and 
dry i)rizod, 
blit not if 
damp and 
sticky 


Black 

White, pink, 
blue, green 


Earth and vege- 
table debris. 
Very dajni> 

T. very 
strong and 
fine ; 11. 
sometiineB 
soft ; 111. 
often con- 
tains “dead ’’ 
rubber 


Brown, 

red 

• 

j Greenish rod 

1 ^ 

... 

Clay and much 
water 

Too impure 
to be niuoli 
prized 


Brown 

White inside 

• 


Fairly pure 

Good 

cluality 


Bubbers 

Light j 
brown to 
block 

With white I 
veins 

' Smoky i 

Very pure 

1 

Very good 
if not mixed 
with other 
sorts. 
Rather 
resinous 

Only recently cO the Euro- 
pean market. 

Do. 

• 

• 

... 

Do. 

Do 

Black 

White or red 





Do. 

• Do. 

’ 


• 
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The total production of caoutchouc of all kinds in the whole 
world has been calculated for the last three years as follows : — 

1899-1900 1900-1901 1901-1902 


53,348 tons, 52,864 tons, 52,835 tons. 

The total consumption of the world in the same periods 
amounted to o 

43,852 tons, 51,136 tons, 50,201 tons, 

leaving a surplus, after deducting consumption from produc- 
tion, of 

9 ,496 tons , 1 ,728 tons , 2 ,604 tons . 

Of the total production of these years the Amazon districts 
(Brazil, Peru, Bolivia) supplied about 25,000 to 30,000 tons; 
the other American provinces (Mexico, Central America, 
Venezuela, Colombia, and Ecuador) supplied about 6,000 tons; 
East, West, and Central Africa supplied about 20,000 to 
25,000 tons ; Madagascar 1,000 tons, and Asia about 1,500 tons. 

The European central market for raw caoutchouc is Liver- 
pool. A few figures will show the importance of the trade. 



1887 

1888 

1889 

1890 

1891 

Import 

7,330 

7,900 

8,750 

9,900 

10,680 tons. 

Sale 

5,890 

6,485 

7,760 

8,610 

9,480 „ 

Stock 

1,440 

1,415 

990 

1 ,290 

1,200 „ 


1892 

1893 

1894 

1895 

1896 ' 

Import 

10,400 

11 ,330 

11 ,560 

13,720 

17 ,300 tons.' 

Sale 

8,950 

9,830 

10,285 

12,640 

15,640 ,, 

Stock 

1,450 

1,500 

1,275 

1,080 

1,660 „ 


1897 

1898 

1899 

1900 

1901 

Import 

15,363 

18,440 

16,100 

17,490 

17,785 tons. 

Sale 

14,285 

16,960 

14,900 

15,580 

15,601 „ 

Stock 

1,080 

1,480 

1,200 

1,910 

2,184 „ 


The importance of the liondon market compared with Liver- 
pool is shown by the following figures. London’s share in 
dealing in all kinds of caoutchouc was 
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IMPORTS' OF RAW CAOUTCHOUC 



1887 

1888 

1889 

1890 

1891 . 

Import 

2,400 

2,280 

1,660 

1,893 

1,900 tons. 

Sale 

1,385 

1,313 

1,050 

1,247 

1,310 ,, 

Stock 

1,015 

977 

610 

646 

590 ,, 


1892 

1893 

1894 

1895 

1896 

• Import 

1,740 

1,720 

1,935 

1,720 

1,579 tons. 

Sale 

1,255 

1,280 

1,485 

1,260 

1,235 „ 

Stock 

485 

440 

450 

460 

344 ,, 


1897 

1898 

1899 

1900 

1901 

Import 

1,457 

2,650 

2,806 

2,219 

1,041 tons. 

Sale 

1,137 

2,025 

2,161 

1,198 

403 ,, 

Stock 

320 

625 

645 

1,021 

638 ,, 


Besides Liverpool and London, Lisbon, Hamburg, Rotter- 
dam, Amsterdam, Antwerp, Havre, Bordeaux, and Mar- 
seilles also import raw caoutchouc. 

The import through Dutch ports is not large. Amsterdam 
has always been an unimportant i)laco for the caoutchouc 
trade, and the import of Rotterdam has lost much of its im- 
portance ; whereas, in 1890, a total of 591 tons came through 
this port, the imports up to 1898 steadily decreased to 242 
tons. 

The opening of the Central Congo districts has given a great 
impetus to the imports of Antwerp ; the trade has enormously 
iimreased, as is best shown in the following figures 


1889 

1890 

1891 

1892 

1893 

1894 

1895 

• 

5 

30 

21 

63 

127 

275 

531 tons. 


1896 

1897 

1898 

1899 

1900 

1901 


1,116 

1,679 

2,014 

3,402 

5,698 

5,849 tons. 


Hamburg has grown immensely in importance as a raw 
caoutahouc maijvet. Exact statistics as to the Hamburg 
market cannot be given, because the material which comes 
through English or French ports on the Hamburg market is 
not classified in the statistics as direct import, also because* 
many importers send raw^ material to Genoa, Lisbon, Havre, 
Liverpool, London, etc., which doeanot touch the Hamburg 
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port and' cannot figure in the imports, although the deal has 
been concluded at that place. 

The direct import to Hamburg has more than doubled in 
nine years, as given in these statistics 

1898 1894 1895 1896 1897 

5,053 4,771 5,424 7,191 7,577 tons. 

1898 1899 1900 1901 

9,026 11,492 11,924 10,462 tons.* 

It is self-evident that the price is influenced by the quality 
and by supply a,iid demand. The Para qualities (Fine Para 
and Negroheads) give the standard for the prices of the other 
kinds, which always range in proportion to the quotation for 
these two best products. As the prices of the Para qualities 
are again more or less dependent on the production, the re- 
spective import and export figures of Para for this rubber 
may be useful 



1887 

1888 

1889 

1890 

1891 


From Para 

15,600 

15,900 

16,500 

16,900 

18,400 

tons. 

To England 

4,400 

5,080 

5,920 

5,600 

6,000 

j > 


1892 

1893 

1894 

1895 

1896 


From Para 

18,920 

19,730 

19,500 

20,710 

21,600 

tons. 

To England 

5,960 

6,700 

6,810 

7,285 

9,350 

j ) 


1897 

1898 

1899 

1900 

1901 


From Para 

27,700 

22,000 

25,300 

26,876 

30,300 

tons. 

To England 

7,865 

9,600 

7,430 

10,445 

12,100 

J J 


The attached graphic delineations of the price movements 
for Fine Para and Negroheads during the years 1861 to 1902 
give a clear picture of the movements caused by supply and 
demand. 

The lowest price for Fine Para was in September and 
October, 1861, when it fell to Is. 6d., and the highest point 
was reached with 4s. 9d. and 4s. lid. in 1882. 

Irrespective of the boom in 1866, 1869-70^ 1880, 1882-83, 
and 1890, and the naturally following slump, prices have been 
continually advanced. Since the upward movement in 1894, 

• they have remained firm until 1900. Then a decline in prices 
set in, leading to sales at 3s. per lb. during July, 1902, in 
London, though the pricfi rose again shortly afterwards. 







V.— Chemical and Physical Properties of Raw 
Caoutchouc. 


The raw caoutchouc, as it appears on the international 
market, is, as has been stated in the previous chapters, the 
•thickened or dried-up sap (latex) of certain species of plants. 
A few other points arise for consideration on closer examina- 
tion of its chemical and physical properties, and for- this pur- 
pose it is necessary to take into consideration, before anything 
else, the sap as it runs out of the plant. The latex of the 
Hevea brasiliensis is more or less typical of all kinds and is 
chosen for illustration. It is a fluid which appears white to 
the naked eye, in reality it has a slight tinge of amber. It 
contains great quantities of little ball-like particles, the dia- 
meter of which is 3i micro-millimetres (1 micro-millimetre 
is l,0()0th part of a millimetre). The little globules are the 
real caoutchouc. Although colourless in themselves, they 
give the whole, through their being distributed through the 
fluid, a milk-white look, which the liquid otherwise would 
not have. 

J-Iie fre^ latex of the Hevea is inodorous. When exposed 
to the air and under the influence of acids it acquires a slight 
methyl amine-like smell which can be noticed in all raw. caout- 
choucs which have not been sterilised by smoking. The second 
Para qualities, which consist of smoked and unsmoked, caout- 
chouc, retain this particular odour. The flavour of the fresh 
Hevea latex is not marked, being more agreeable and sweet 
than unpleasant and bitter. To find the specific weight of 
the latex is difficult, as it is influenced by accidental causes; 
on the average th^ latex of the low^est specific gravity contains 
the most elastic material. The specific weight of the latex 
of the Hevea brasiliensis is about 1.019 at a temperature of 
57° F., and when containing about 82 per cent, caoutchouc. 

The chemical composition of this latex, as it comps fresh 
fromW;he tree* is — 
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Elastic elements 

Organic and nitrogenous matter 

Mineral salts 

Hesinous elements 

Slightly alkaline water 


32 per cent. 

2.30 per cent. 

9.70 per cent. 
Traces. 

p 55 to 56 per cent. 


It may be said of coagulated latex, that is the raw caout- 
chouc as it coincs on the market and is sent to the factory ,^that 
its chemical and physical properties show more or less pro- 
nounced differences, according to origin, production, and 
treatment. The. following details may he taken as examples 
of the better qualities. 

Haw caoutchouc has a more or less pronounced odour. ^ 
Smoked kinds can easily be recognised, as they do not smell 
badly and have much the same taste as smoked bacon. Un- 
smoked and inferior (pialitics containing much moisture have 
frequently a very pronounced offensive smell. All kinds of 
caoutchouc are, in themselves, tasteless. 

The specific weight is 0.92 to 0.96. 

Up to the freezing-point, raw caoutchouc is very elastic; 
when cold it becomes hard and brittle, regaining its former 
condition when warmed. Strongly stretched and suddenly 
cooled it retains its expanded form until heated to about 95 to 
105^ E. Fresh cut surfaces remain very adhesive if not 
touched, and two pieces with fresh cut surfaces can he pressed 
and easily unite into one piece. 

Caoutchouc is not a conductor of electricity, but when 
rubbed very hard it becomes strongly electric. ^ ^ 

It is insoluble in water, hut its bulk increases ; it becomes 
lighter in colour, nearly white, and if soaked for a Jonger 
[leriod, it adds 25 per cent, to its weight, its toughness, 
adhesiveness, and elasticity being greatly reduced. Under 
these conditions the caoutchouc is much more sensitive to 
solvents. 

Absolute alcohol influences it in a like manner, the action 
being quicker and more intense, especially if it be warmed 
and raw caoutchouc is used. Eubber adds 20 per cent, to its 
weight after being left for eight days in alcohol. When taken 
out it has lost much of its toughness and adhesiveness. 

Caoutchouc is affected in a similar way by coal tar naphtha, 
in which it partly dissolves. The dissolved material is per- 
tinaciously retained by» the remainder. If soaked first in 
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bisulphide of carbon it is easily dissolved in alcohol, but only 
with difficulty in fatty oils. 

Ether, benzin, turj)entine, and bisulphide of carbon, also a 
mixture of bisulphide of carbon and alcohol, dissolve caout- 
chouc almost completely at the ordinary temperature ; at a 
higher temperature the dissolving process is perfect, but it 
does not take place without decomposition. 

A(fueous vapour softens raw caoutchouc ; concentrated 
nitric acid and concentnited sulphuric acid alTect it severely. 
Concentrated hydrochloric acid as gas or fluid destroys it, l)ut 
very slowly. Dilutcal acids and solutions of alkalies have hardly 
any effect, but a mixture of concentrated sulphuric acid and 
•concentrated nitric acid dc‘compos('s the caoutchouc and is 
very eifective. 

If it is exposed for a long tinu? to warm air and light, it 
Ix'.comes k'ss elastic on the surface, and a (‘hange takes place, 
apparently causo'd by oxidation. Spilh'r states that tlu' aft'ected 
caoutchouc consists of — 

01 per cent, carbon. 

,, hydrogen. 

27 i ,, oxygen. 

Whereas unaltered caoutchouc shows the following analysis : — 
8.5^ [)er cent, carbon. 

V2 ,, hydrog(‘n. 

,, oxygen. 

llaw caoutchoucs heated to 250^ E. becomes very sticky, at 
it begins to melt, and betwcHUi and llO® it has the 
copsist(‘n(;e of oil and is dark l)rown in colour. If it is brought 
in contact with an open flame, it turns dark red in colour, 
ignites, gives off much soot and a penetrating oflensive smell. 

By dry distillation the raw caoutchouc gives off gas, water, 
and also a tar-like body, from whidi volatile hydrocarbon, 
caoutchouc oil, and caoutchin can be separated. The boiling- 
point of caoutchouc oil is from 550° to bOO^ F., and it is an 
excellent solvent of caoutcliouc and resins. It consists mainly 
of unsaturated hydrocarbons. Details about the products of 
distillfiiion differ^: they include substances such as sulphurated 
hydrogen, carbonic acid, protoxide of carbon, hydrochloric 
acid, ammonia, batyles, caoutchin, enpian, isopra, faradayin, 
and levein. The curious reaction which caoutchouc shows 
when brought in contact with sulphur will be referred to when 
vnlcAnisatioif comes under consideration. 



VI. — Production of Soft Rubber Qood^. 

The intention of this book, and particularly of the parts of it 
still to follow, is in no sense to provide a guide to the pro- 
cesses of manufacture, and still h‘ss a handbook for manufac- 
turers. Its object is rather to present a general idea of the 
manufacturing processes, so that any unskilled person who 
may take an interest in the subject may form a good idea of 
the nature, origin and method of collection of the raw rubber, 
and of how it is treated for use in tlu' various ways in ^Vhich 
indiarubber is employed, and how manufactured articles in 
general are produced. 

I.— Preliminary Mechanical Treatment of Raw Caoutchouc: 

Soaking, Cutting, Rolling (Washing), and Drying. 

Crude caoutchouc finds little use in itself. With the 
exception of cubes cut out of Para biscuits or bottles, for re- 
moving pencil and ink marks, or for stri})s for billiard cushions 
and square-cut unvulcanised threads, it is seldom to be found 
in use. All other rubber articles, serving thousands of dif- 
ferent purposes, require a more or less long and detailed pre- 
paration, and an endeavour will be made to describe the neces- 
sary treatment in this chapter. 

If the raw caoutchouc were supplied in a pure state, the 
manufacturer could at once start tlu^ manufacture; but this is 
on the whole not the case, as it happens only exceptionally 
with some of the Para qualities. All the other kinds are 
either wilfully adulterated or they have been spoiled by the 
indilfercnce and ignorance of the collectors, who add impurities 
and foreign substances, such as water, salt, earth, sand, 
stones, parts of plants, and other things to the material. These 
additions are either made when collecting the latex, when 
coagulating the fluid, during the transport, or when packing 
the caoutchouc. The necessity arises to subject the material 
to rigorous manipulations before the production of goods is 
started, the presence of foreign bodies and other substances 
being detrimental to the process. Not only does this trouble- 
some but necessary treatment cause much extra expense, but 
the preliminary manipulations have also ..an unfavourable 
effect on the quality of the caoutchouc— lower its resistance 
and take out of it that much valued nerve.” 

The history of the cleaning process is short. At first the 
caoutchouc was treated by hand work, but this gave very 
unsatMactory results. (The treatment was soon replaced by 
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machinery, which gave a more perfectly cleaned material. The 
preliminary process of to-day, imiveiWlly adopted, includes 
the four following methods of cleaning 

1. Soaking and superficial washing. ‘2. Cutting in pieces. 
3. Kolling or real washing, 4. Drying, 

Before describing these four operations of the preparatory 
work it will be well to consider the proj)er storage of the raw 
mati'rial. The manutactiirc'r does not gc'iu'rally use up at once 
the whole stock of material he has bought; h(' purchase's 
according to the ('Xpe'cted ?-e(]uirements, l)iit owing to the 
fluctuations in price, he is forced to mak'e his purchases at a 
time which is most beneficial tor himself, reaping an advan- 
^tage which his custome'rs are usually permitted to share. As 
(piantities of rubber have' to be ston'd for this ])urpose, and as 
the storage of the material is easily influenct'd by slight 
changes, the question of the store-room is one requiring 
se]*ious con sid e ration . 

The most suitable ston'-room is a fairly lighted, W(41- 
ventilated cellar or basement. The individual balls must not 
be piled directly upon or beside one another; it is preferable 
to divide each ball by a wall or shelf of stone or wood. .If a 
bag, ball, or other shape' is too large, it is well to divide it. 
.fioaves or bottles of about (U cubic ieet are the largest blocks 
which should be admitte'd into one compartment, between 
each one of which there must be' an all-rounel air space of 
about 9 to 10 inche's. 44ie fleaor e)f the' store-re)om shoulel b(‘ 
of asphalt or cenu'iit. ddiese p?’ecautie)nary measures are in- 
elispensable, and their necessity will be' clear te) anyone even 
sli^i^htly acquainted with the' nature of the raw material. 

1. TJie soakluif or suprrpcial irasJtincj. When the raw 
caoutdiouc is taken out of the store-re^e)m it is too firm and 
harel to be worked at once, even the tem})e'rature of our 
climate being insnfticiejit to give' it the re'quired softness. It 
has to be modified by artiticial me'ans. Of all the manipula- 
tions of cae)utchouc, this is the most sim[)le. The' caoutchouc 
is placed in water heateel by ste'am and lemains in this bath 
according to requireunents from 3 to 24 he)urs. \\\)oden tubs 
or iron* tanks are^nost suitable for soaking. The use of acidi- 
fied wate'i* cannot be recommc'nele'el. 

2. TJic cutting. As soon as the caoutchouc is sufficiently 
soft, the large bleicks are cut in sepiare i)ieces of about to 2^ 
inches. The; qualities which come on the market in* small 
pieces do not require this treatment, they can be washed as 
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soon as ‘they are soft. The cutting is often done by hand, 
when a large knife with a broad and long blade is used. In 
some factories circular discs and other cutting machines are 
used for cutting the caoutchouc. The nature of the material 
is sufficient to point out the need of sharp knife blades for this 
work, and it is well to continually moisten the blades with cold 
water as this renders the cutting easier. 

3. RoUing or washing. This is the most important of the 
treatment which the caoutchouc has to undergo during the 
cleaning ])rocess. The soaked and cut caoutchouc is placed 



in very strong rolling machinery, which removes all contained 
foreign substances. The ancient methods and machinery used 
for these, such as stamps, ])lancTS, and pulpers, arc obsolete 
and need no description. The method first introduced by an 
English manufacturer, which employs a rolling mill for purifi- 
cation, has been nearly universally adopted, whereas hollanders 
and other machines are only adopted for particular qualities of 
raw caoutchouc. The mill consists of two heavy cast-iron 
cylindt'rs resting horizontally side by side and revolving in- 
wardly at a dilTerent speed. The surface of the cylipders is 
either channeled, i.c., has longitudinal grooves, or it is flat ; but 
the jxisition of the cylinders remains always the same. English 
and American manufacturers prefer the channeled, cylinders, 
the channeling making the cleaning much easier, the ribs 
entering deeply into thej^aontchouc and demolishing all feweign 
substances. Sometimes one of the cylinders of the same mill 
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is channeled and the other one smooth. The two cylinders 
rest, as shown in the illustration, in a strong iron frame. The 
tw’o bearings of the rear cylinder rest slantingly against the 
frame, and the bearings of the front cylinder rest against two 
screws. The cylinders are usually driv('n by gear wheels in 
connection with the main shaft, which is placed under the 
floor. Each one of the cylinders receives the power individu- 
ally,, but there are also rolling-mills in which one cylinder 
drives the other by its rotation and without gearing. The 
cylinders always revolve inwardly. The screws on the front 
part of the roller frame serve to bring tlu? cylinders closer to- 
gether or to sei)arate them. Underneath the cylinders is a 
sheet-iron tank covered by a perforated plate. Over the })oint 
of the two cylinders, where they touch, but about 18 to 25 
inches higher, is a pipe perforated at the lower end ; this pipe 
keeps up a continual sup]jly of cold water, which runs olT 
through a pipe connected witli the under tank. 

The caoutchouc to be waslu'd is placed by hand and in small 
quantiti('s (according to the power of the rolling-mill) between 
the moving rollers, at the same time the wat(‘r-supply tap is 
o])ened. The caoutchouc is gripped by the rollen kneaded, 
stn'tched, and torn to pic'ces. water ])ours into all 02 '>en 

spaces, clearing out tlu* bark, fibres, and other earthy sub- 
stances, and nunoving alscj all foreign materiiil, which has by 
this time' hoc'!! finely ground. After the caontchouc has gom^ 
-everal times through the rolling-mill it has become a long blot- 
ii)ig paper like ]m)duct, the surface of which is like a shrivc'lled 
leaf having numerous small eruptions which are separated by 
little holes ; this gives the cleaned caoutchouc its characteristic 
appearance. 

Eacll washing-mill, just like the mixing-mills to be described 
later, is served by one workman. The handling of 
the machinery is not free from danger, the slightest inattention 
may lead to the fingers being cauglit between the rollers when 
nothing can prevent the hand and arm being dragged after 
them before the mill can be stopped, flood and instantaneously 
acting disengaging gears are essential on all these mills and 
must be insisted upon. The washing- and mixing-mills used in 
the works of the author have a safety gear for disengaging, as 
shown in tlie illustrations 10a and h, where the construction is 
clearly indicated, but a description will, at this place, be spe- 
cially, suitable. This disengaging geaj has the advantage of 
permitting the workman, by means of a simple pull on a rope. 
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to shift the gearing instantaneously and bring the mill to a stop, 
even if one hand has already been caught by the rollers. In 
the improbable event of the workman’s two hands being en- 
tangled by the rollers, provision has also been made ; the man 
only needs to throw the weight of his body on the line to dis- 
engage the gear in a moment. The construction and working 
of the gear Is as follows : The rope F is carried from one posi- 
tion over the rollers to the other and finally stretched ; it is 
then passed over the pulley G to the rat(diet J ; the latter has a 
notch which closes the lever by means of the counter-weight K. 
[f a, sudden disengaging of the gear is needed, the workman 
only requires to pull the rope F, when the ratchet J is pulled 
up, setting the counter- weight K free. K falls, and the piece 
M in firm cennmunication with the lever moves upwards, slips 
along the friction coupling, and moves the disengaging gear to 
the left. The mill stops in a moment. To engage the gear 
the following simple method is all that is required : — The lever 
carrying the counter-weight K is lifted by the attached rope, 
when the ratchet J moves back and the disengager L moves 
towards the right. 

The size of the washing-mills varies very much. In most 
cases the rollers are 22 to 3(3 inches long and of a diameter of 15 
to 18 inches ; in these cases the s])eed of the revolutions of oiu' 
roller is generally Ixdween 8 and 12 and the other 3 to 4 turns. 
American builders in later years have tried much larger mills. 

In most of the factories washing-mills can be found which 
have no massive cylinders, as these are hollow and so con- 
structed as to be heated by steam. They serve two purposes, 
but this point will be gone into later on. This construction is 
not suitable for large rubber works, and is not to be found in a 
well-appointed factory. ^ 

All caoutchouc qualities cannot be washed with the same 
facility. Para washes best and quickest, as it contains the least 
impurities. The so-called fatty and pitch-like qualities of 
caoutchouc yield their foreign substances only with difficulty, 
and very often it is impossible to free the balls from their 
firmly adhering impurities. Caoutchouc, which is very dry by 
nature, cannot always be rolled into sheets, as it sticks firmly 
together at times, and often comes out of the mill in small pieces. 

If the washing has been done thoroughly, the sheets are free 
from foreign substances, except water; and, to rid the caout- 
chouc of it , the last manipulation of the preparatory work — the 
drying — has to be undertaken. 
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4. Drying . — To dry the raoutchouc, the washed^eaves or 
flaps arc hun<^ on wooden poles or iron wires, or laid on kilns 
either in drying' rooms or in the I'resh air ; if the kilns arc' in 
a drying room, the uniform temperature should he ke|)t be- 
tween 120° and 140° F. This process is very simple, and 
hardly needs any consideration. Fatty and pitch-like sorts 
require a lower temperature, as a higli heat renders their defects 
stilUmore obvious. Then, again, the slieets would drop i]i 
pieces on the floor, and roll nj) into lumps from which the water 
would hardly And aii c'asy ('.scape. The* Ic'ss adlu'sivc' kinds of 
caoutchouc, which conu' out of the washing-mills in })i('C('S, are 
best dried in frames with meshes too close to allow them to fall 
.through. 

It is important in connc'ction with the drying that the drying- 
room should h(' more' or k'ss c'Xposc'd to the' frc'sh air. A good 
draught of air (jiiickc'us the' ))i’oc('ss considerably ; in the 
sumnu-r the drying takes a few days only, hut in the wintc'i* 
it retpiirc's more' time*, and steam heating lias to bc' rc'sortc'd to 
to add to the despatch of the drying. The bad influc'nce of 
glaring light on cnoutchouc! has already been mentioned : a 
dark drying-room is the best. Ida' drying of the' leaves in a 
vacuum has reccuitly also beeJi adoptc'd. 

As soon as tlic^ caoutchouc is dry, it is taken off the poles or 
lines and foldc'd like' linen, or it is rolhal up into pai'cels. Tlic' 
matei’ial is thc'U transb'rred to storage* rooms c'rectc'd for the' 
piu'pose, wlieiT* the caoutchouc is j)rotected from light and air 
mitil it is u.sed for the manufactun* of goods. 

TIk' washed and dried caoutcliouc has lost a part of its 
wc'iglit. fldie dilTerencc' !)etw('en the total of the' moist and the 
nett weight of the dric'd anil j)urifled caoiitchouc is the loss in 
washiifg.” ddiis loss tlucluatc s very much, and it varies in the 
ditferent qualities and different harvests. The infc'rinr kinds 
lose somc'times up to GO per cent, of the original weight ; the' 
better qualities suller a loss on the average of from In to 20 per 
cent., and sc'ldom more. 

It is difficult to put the* loss of washing in corrc'ct figures, as 
it is not unfrequent that two deliveric's of one and the same 
quality of caoutchouc give, on wasliing. quite diflerent results. 
Henry C. Tk'arson states in his excellent book on “ Crude 
Ilubber and Compounding Ingredic'nts ” (New York, 1899), the 
following average losses, and the results of his investigations 
and t^e autho? of this book’s investigatipns are stated in parallel 
lines in their percentage : — 


II 
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American Qualities — 

Para, fine 

,, Ne^roheads . 

,, MattoGrusso 
Virn^in Para 
Maii^^abeira 
P>razil sheets . 

Caiiebo .... 
^lollendo 

Caineta .... 
lY'ruvian scraps 
Santos .... 
(’('iitral America 

A frieaii Qualities — 

African, without (tonemes 
^^iviJig then flakes 
specific origin [ thimbles 
Accra .... 
Bissao .... 
Gambia .... 
Pio Nonmez . 

Canalcry .... 
Calabar lumps . 

Casamanc(.‘ 

Leone Niggers 
Bassam .... 
Cape Coast I buttons 
Saltpont 1 biscuits 
Addah - flakes 
Quittah lumps 

Axim niggers 

buttons 

Lagos - lumps 
stri})s 

^ balls . 

Cameroon j 

^ buttons 

1 balls . . 

Upper Congo . 


Loss IN 

Washing. 

Pkarson. 

Clouth. 

Per cent. 

Per cent. 

15 to 20 

18 to 20 


40 


28 


38 

20 to 05 

40 ,, 42 


' 33 

20 to 40 

37 ,, 42 


14 


37 ,, 42 


25 


28 


•20 to 40 


18 

to 25 


25 

,, 35 


15 

35 


•20 

40 



35 

to 43 



30 



35 



36 



36 

52 


' 30 

35 

,,'36 

20 

to 30 

40 

20 

,, 30 35 

M 42 

30 

,, 35 niggers : 

48 

30 

„ 10 


20 

„ 35 


25 

„ 35 ] 


30 

,, '10 [ 37 

to 45 

25 

„ 35 


18 , 



18 ” 

LS 1 35 

CO 

to 

o 

30 1 . 

„ 35 ■ 

23 

20 

„ 25 ' 12 

„ 18 



LOSS IN WASHING 
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Lo.SS IN W^lftUING. 


1 

KAUSON 

0 LOUTH. 

Upper Congo red balls . 


[’or fi'nt. 

to 22 

TVr cent. 

, , , , Lopori 

10 

22 

’ 

Kassai black twdsts 

18 

22 


, , red 

'20 

on 

,, -0 

18 to 30 

,, balls ,, 

20 

15 


B«?nguela j sausage 

16 

,. 10 

15 ,, 21 

Loan da ( niggers 

PS 

10 

18 ,, 25 

^Mozambique .... 

10 

„ 35 

15 ,, 35 

Madagascar .... 


,, 55 

.10 

,, pinky 

30 

,, 35 


• Majunga ..... 

30 

„ 35 ) 


black 

30 

,, JO 

35 to 38 

,, niggers 

30 

,, 10 ) 


.Ts'k/tic Qualities — 

Assam ..... 

s 

15 

3L 

,, No. 1 . 

10 

15 


2 

•10 

,, 30 


,, !! 3 . 

30 

,, 35 


Penang 1 . 

10 

,, 15 

30 

Java 1 . 

10 

., 15 

13 to 13 

Borneo ..... 

30 

15 

10 ,, 55 

(Vydon Para .... 



13 

Pan goon .... 



•15 

Cliinde ..... 



11 

Australian QuaJiiij— 

Noumea ..... 



7 ,, 10 


The loss in washing is.of importance when fixing the value 
of a certain caoutchouc quality, but of not less importance is 
the percentage of resins — i.c., of such substances as can be 
dissolved in alcohol, acetone, or alcoholic alkali. These resins 
contain much oxygen, and they are not in reality, as far as 
can be surmised, original components of the latex. It is 
much more likely that they come from other saps contained 
in the plants, and*too deep cutting into the stem has brought 
about the mixing with the latex. Trobably these resins come 
from other plants, and have been carelessly or fraudulently 
added to the real latex by the collectors. A portion of the 
percentage of resin is a decomposition ]3roduct of the caout- 
chouc.* The presence of these resins in the caoutchouc* has 
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only l)oon made the subject of close consideration in later 
years. It was found that they alTected the quality, and it 
becaiTKi necessary to lix the quantities contained in the dif- 
ferent kinds, as well as to eliminate the substances, so far as 
possible. C. 0. Weber, Hob. Hemhpies, H. L. Terry and 
others (h'serve credit for their work in this direction. In the 
laboratory attached to th(‘ factory of tlu' author of this book 
many similar experiments and tests have been made. , 

A dehnite statemtuit of the resinous sul)stances in the dif- 
fennt (pialities cannot be mad(‘ sinci', as has already been 
mentioned, it depends on circumstances, just as in the fixing 
of th{' losses in washing', f’earson state's in his book, which 
has already been quob'd, the avc'raji^u.' resinous contents found 
in certain (pialities. ddies(‘ are ^nven in the following tabk', 
with the addition of the results which h.ave been ol)tained in 
the factory <d' thv, author. 

11p:sin Contents. 


American Sorts — 

Peakson. 

Cloutii. 

P«*r c(‘iit. 

Per ccint. 

Para . 

O.GO to 1.14 


,, line (accor- 

ding to Web(U') 

1.30 

2 to 2.90 

Para, fine hard cure 

1.00 

,, weak fine . 


2.30 

seconds 


2.50 to 3.50 

Virgin Para 


3.48 

Matto Grosso 


5.80 

Negroheads 


1.36 ,, 1.54 to 1.80 


1.18 ,, 1.30 

Cameta 

... ^ 

1.70 ,, 2.20 

Ceara 

1.80 to 2.33 

... 

Mangabeira 

8.43 


Colombia . 

2.11 ,, 3.40 


Peruvian balls . 


3.90 

Polivian hard cure 


3.09 

IMollendo . 


2.30 to 2.73 

Bahia 


5.86 

Santos 


4.67 7.50 

Caucho balls 


3.60 

, , sheets 


7.80 

Bio Janeiro (ac- 
cording to 

Weber) . 

5,20 
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RksIN (’oNTliNTS. 


A frican Sorts — 

1*K ARSON. 

Cloutu. 

iVr cent. 

Ucr cent. 

African various 

6.71 to 10.60 


(la ml) i a 


■1.57 to 4.74 

Casamance 


4.32 

Bissao 


•1.32 ,, 10.20 

Ganalcry 


6.09 

I\io Nounez 


5.25 

Leone niggers 



(Weber) 

9.70 


Freetown . 


11.55 

Accrali lumps 


21.90 

Bassam 


12.67 to 14.60 to 34.30 

Cape Coast lumps 


10.50 to 24.00 

A (Id all niggers 


3.26 ,, 5.37 

I Algos 


8.60 ,, 9.20 ,, 10.30 

Brown niggers . 


3.56 ,, 4.20 ,, 5.40 

White ,, 


l.UO ,, 5.46 

Benin ,, 


3.12 

Loan go balls 


15.20 

iMayumba . 


24.80 

(Vingo 

/ 

12.10,, 15.56 


( 

1 7.70 ,, 29.70 

Upper Congo 


16.50 

,, Djuma 


4.23 

M ,, Lac 

, Ijeopold . 


19.60 

Ivassai 


1.74 

Jjoanda 


3.60 

Mozambique 

(Weber) 

3.20 

,, iS.oo 

Madagascar 

8.20 

Zanzibar . 


to7..'^l to 8.76 


Amitic Sorts — 

Assafti (Weber, 
11.80 p.t.) 
Burma 
Chinde 
Eangoon 
Ceylon Para 


4.88 to 6.45 
5.20 


9.01 ,, 9.37 

5.50 
'' 5.04 ,, 7.4 
•1.51 „ 1.80 
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Hesin Contents. 


Pearson. Clouth. 

Per cent. Per cent. 

Java 

6.18 

Penang 

6.80 

Tonkin 

6.50 


Aufitralian Sort — 

Noumea . . ... 4.74 to 5.47 to 5.98 

3. — Treatment of the Washed Caoutchouc. 

After the washed caoutchouc sheets described in the previous 
chapter have been thoroughly dried, they have to pass tlirough 
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another rolling-niill, but this tinu' without the addition of 
water. The cylinders of the rolling-mill are hollow and heated 
by steam, the machine is used either for kneading or mixing 
the caoutchom* or for both o[)erations at one and the same time, 
and even for either work the same kind of mill is employed. 
The apparatus consists of two counter-revolving cylinders, 
generally about 24 to 40 inches long and 16 to 20 in'ches in 
diameter, though at the present time larger diameters are also 
in use. As a rule the cylinders rest side by side. The arrange- 
ment to have one over the other is the exception* and quite 
out of date. In other particulars the construction is nearly 
the same as the washfng-mill but channeled cylinders are 
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attached. The illustration (Fig. 10) is a drawing of tlfe mixing- 
mill used in the Ehenish rubber goods factory of Franz Clouth 
at Colognc-Nippes, and gives views of the machine from the 
front, from the side, and from the top. The instantaneously 
acting disengaging gear, already described, is also shown. 

The treatment of raw caoutchouc for all manufacturing pur- 
poses is the same up to this point, but now the use for which 
it ij intended begins to have an influence on the proceedings. 
Pure uimiixed blocks of rubber for fine-cut sheets have to be 
treated diflerently from a mixed material ; in the former case 
the roJling-mill serves only for kneading the material, whereas 
it adds mixing to its functions where the latter class is con- 
• cerned. 

For the manufacture of fine-cut sheets (Fiauidi, “ Feuille 
Anglaise,” and (ierman “ Patent Clummi ”), which as a “ half- 
product ” are an important trade article, only the very best 
Para caoutchouc should be used. The washed and dried sheets 
come without any addition to the kneading mill, where they ar(' 
treated until the whole inatiu'ial has become a homogeneous 
substance free from air bubbles and comes out of the mill in 
tli(; shape of rolls. Tln^se rolls ar(‘. exposed to a very liigb 
pressure in a hydraulic press, which presses them into fairly 
large and very homogeneous blocks, which an^ left for months 
in a changing temperature, but it is of importance that they 
should at least once be thoroughly frozen as this makc's their 
composition mon; firm and im])rov(‘s the quality. Jn former 
years the blocks were kept for one or two winfeu’s, but iiovva- 
day^s tin; .same elTect is produced by the machines. To cut 
these blocks tliey are plac('d and fastened on a horizontal 
moving slide, which brings them (in a continued downpour of 
cold water) against the shaiq) edges of the knife blades, whicli 
move with a speed of about 800 to 1,000 times per minute, each 
lime cutting thin sheets up to one-sixth of an inch. Artificial 
cold and refrigerators are also used in this process, as the blocks 
cut better when they are frozen than warm. The sheets show 
on the surface the cutting lines of the knife. The finer or 
coarser lines of the sheets are caused by the quicker or slower 
movements of the slide and the movements of the knife. As 
soon as a sheet has been cut, the block is lifted by means of a 
spindle screw, and the lift is automatically adjusted by the* 
thickness of the sheet ; the rubber block always comes back to 
thc^ight po'sition to face the knife.* 
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AnotheV method of finc-cut sheets is also much m 

use. The purified caoutchouc is put iu a hollow \erticci cy lu 
der where it is pressed by a close-fittiujt piston working under a 
high pressure. This method produces cylindrical blocks, whici 
/i2’(! also cut in sbf:^cts by means oi knives, but in this CflSC the 
knife is carried in a tortile line from the periphery of the block 
to its axle. 

A third method, but one which does not improve the quality 
of tile rubber, is to make the sheets, not out of blocks, but from 
carefully cleaned Para caoutchouc which has been rolled in a 
heated calender. The material firoduced by this process can- 
not be compared with the qualities which have been mentioned. 
To make this quality look like the best material, the sheets are , 
impressed by the cylinder rolls with imitation cutting lines. 
The imitation is perfect, and it is regrettable that the buying 
public, which takes the cutting lines as a hall-mark of the 
quality, should thus be misled into purchasing and paying for 
material which only repn'stmts, but is not, what is required 
and what has b(‘en asked for. 

The production of fine-cut sheets was iinauitf'd by !Mr. 
Charles Mackintosh, and for a long time the firm of ('harles 
Mackintosh and Co. had a monopoly of the business. Latc'r 
on sheets were also produced by other English maniifactunTs, 
soon followed by French competitors, and during the last ten 
or twelve years they have also hccu made in Germany. The 
sheets are often coloured by the addition of chfanicals, and red 
and green sheets can be obtained. The green sheets have 
nearly disappeared from the market, and ('ven the red are not 
much favoured, as the natural-colon reil brown and black 
material is superior in quality. 

The customary trad(‘ thickness in which these sheeds are sold 
on the market is mimhered by the following scale : — 

1 2 3 4 5 0 7 8 9 

4.15 3.26 2.e58 2.35 1.85 1.06 1.40 1.14 0.96 inillimMre. 
10 11 12 13 14 15 16 17 18 

0.83 0.62 0.54 0.44 0.41 0.37 0.33 0.2o'o.l8 millim^ire. 

To prevent the sheets sticking together after they have been 
^cut, either when in stock or on their way to the customer, it is 
necessary to rub them in with a solution of soap and warm 
water, ‘which forms a fimi^ soft film as soon as it is cold. 
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Until a few years ago adulteration of fine-cut sheeti? was not 
known and the quality was always unsuspected. Since then a 
great change has taken place, and either from fraiulLilent 
motives or to enable the cutting of prices, shiads have been sold 
on the market and have heeu used for manufacturing goods 
which contain about one-third of adulterating substances. 

The pressed blocks can be cut m s(piare thi’eads just as wtdl 
as in sheets, and by the same imdliod ; these threads were for- 
merly often used in an nnvuhami.sc'd condition. But little us() 
is now made of the material, since unvulcanised caoutchouc 
becomes bad when the temperature reaches fri'ezing-point, or 
sticky when it goes iq.) to 10(P h\ Tlireads which have been 
^reat('d with sulphur and vulcanis(Ml have supplanted them. 

]f it is desired to make niixed matc'rial of the washed raw 
caoutchouc it must be softened in th(.‘ lusited kiusuling-mill to 
make it amenable for the. addition of the ingredients. Tlu^ 
addition takes place in the kneading-mill , which serves now' its 
double ])urpose as kneading and mixing aj)]>aratus. A J^h’ench- 
maii humorously described the productio]i of caoutchouc as 
“ the 5)rt of adding cheap substanc(‘s to thir mat(*rial without 
greatly impairing its specific propi'rties.” dk) be* just he ought 
to have added, ** to make it use'ful foi’ the many re(]uir(U)ients, 
or to chea])(*n it.” Jt is doubtfid if tlu're exists anotlier 
material in the industrial world which r(*s])onds to manipula- 
tions to such an e'xtent as caoutchouc, and from wdiich so many 
\arying qualities (‘an be produced. To par:i|)hras(.‘ a saying of 
Heine, ” Caoutchouc has more talent than character.” The 
ad(\itions c.onsist of sulphur, as fai* as it is needed for vulcani- 
sation, and of other substances, d’he eventual use of the par- 
ticular (juality may need the addition of foreign substances of 
a degr(‘e of hardness, toughne ss, colour, ('tc. ddu* ])ric(‘ of tin* 
goods is so low that tlu^ use of (‘X[)ensive matei’ial has to he 
reduced. The ingn'dients chiefly added to caoutchouc are 
litharge, zinc-w’hite, white l(‘ad, chalk, barytes, nietal, soot, 
asbestos, ground hemp, and a few others less frc qiu'ntly used, 
such as glass dust, fine sand, etc. 

It is- undoubtedly a faci, and also a great pity, that the 
(]uality of the products of the rubb(*r itulustry has deterioratf'd 
from year to year. It will tluTcfore be not uninteresting to 
investigate* these remarkable symptoms. In the first place 
must be mentioned the inconc(‘ivable but undoubted ignorance 
of th^ consuming public regarding thjL‘ origin and the hature 
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of the raw materials used for rubber-goods production. Whereas 
every educated layman has a proper knowledge of most indus- 
trial pursuits, such as the production of metals, cement, glass, 
textile and pottery products, and also of tlu' nature', of the 
methods and the use of the employed raw materials, it is an 
undeniable fact that even engineers, technical men, and 
chemists, in whose work and undertaking the jerodnets of the 
caoutchouc industry play an important part, know veryalittle 
about the subject. Often they cannot distingnish gutta-percha 
and caoutchouc, soft and hard rubl)(‘r, and it has luifipened that 
they have mistaken heterogeneous materials, such as animal 
glue, for caoutchouc. About the raw material and its origin 
the knowledge seldom extends further than that Brazil su|)plies 
the l)est rubber through th(‘. shi[)})ing port of Bara, and the best 
(luality is therefore called Bara. Of the large number of Bara 
sorts and their distinction nothiiig is known. A similar ignor- 
ance exists with regard to the methods of production of goods ; 
toorne have an idea that rubber goods are moulded or cast in tli(' 
same way as metal or plaster. It is therefore no matter for 
surprise that quality cannot be judged accurately. It is ditli- 
cult to judge the quality, as colour, smell, and specific weight 
are not reliable points for fixing it; the quality depends in the 
lirst jdace on the kind and the origin of the raw caoutchouc. 
The kind and origin cannot be fixed in vulcanist'd rubber, not 
even by chemical analysis, as this can only give the approxi- 
mate percentage of the materials in the mixing but cannot tix 
the quality. 

Considering the dilTerence that exists betweiui the rubber 
from (’ach of the principal caoutchouc-yielding trees, and also 
the fact that each of these kinds is split up into many sul)- 
divisions (the dilTerenc(' in the price, running from 2s.',10d. to 
Os. per lb.), it is perfectly clear that th(' divergence in quality 
can be enormous, and that only th(' manufacturer himself can 
judge the value of a certain ([uality. 

]f the expert meets with difficulties in judging the quality of 
caoutchouc for certain purposes, how little can the greatiu' part 
of the consumers know anything, lacking as fhey are in experi- 
ence and knowledge, of the fundamental principles that guide 
decision? The impossibility of judging the quality is thus 
obvious, and it has created a certain carelessness which again 
has led to the belief that quality has no clTect on rubber goods, 
and tfnat the inferior aiiticle is equal in use, for" which leason 
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cheap products receive a preference. Tlie huriioiir of llie situa- 
tion is created when the inquiries and orders for goods arrive, 
“ first quality ” being always insisted on, but expected at the 
lowest ])ricc. 

The manufacturers wen^ unable any longer to hold out 
against the desire for cheap goods, and although they recognised 
the danger of continually lowering the quality, and produced 
the best goods in their power, little by little they yielded to the 
clamour, and began to produce the demanded goods at cheap 
price's. 

Probably over-production (to a higher degree than the desire 
for rc'duced prices) may account for the cheap qualities, since' 
•forceel sales threw goexls at any jirice on the market, others 
having to follow as be'st they could, and lyv making clu'a[> 
goods to retain the ciisteimers. Fifte'eii e)r twe'iity years ago 
Germany hael only a limite'd number of laibber \M)rks, e({uippi.'d 
with sufficient capital, which had slowly worked themselves 
ii[) to ge)e)d pe)sitions anel great pre)S})('rity , which was expresseal 
in substantial elivieleiids. IGu'eiurageel by these divielenels a 
large number e)f factories were starleel without sutiicie'ut linan- 
ciai means or little pi-actical expi'rieiice. These, in order to 
get a sale for their goods, began to undersell. It is self-evident 
that these prici'S could oidy l)e accc'pted l)y a. reduction in the 
quality, and as soon as tlie old established tirms supplied better 
goods for the same price these manufacturc'i’s had to further 
reduce the ])rices of their goods to keej) their place in the 
market. Thus quality and ])rice went stc'p by step still lower 
and lower# 

Even worse price cutters than the manufacturers are the 
wliolei^ale dealers, tlu\ medium bi'tween manufacturer and 
retailer, who often com])ete with the maiuilacturers and take 
the orders at cheaper prices than the. manufacturers can supidy , 
giving to their customer, ((uite naturally, an inferior (juality. 
These methods open the road to reductions in ])rice and declin- 
ing qualities, and mainly responsible for this is tlu'. ignorance 
of the purchaser, who cannot distinguish between good and 
bad products. A*wnll-known and natural consequence has been 
that goods could be purchased cheapi'r from second and third 
hands than from the manufacturer directly. 

In spite’of their inferior quality many of the* firms sold their 
products as “ lirst quality,” and this can partly be excused, 
becatise nobody can say what it means, as the first quiflity of 
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one sort*inay be second or third quality of another. To call all 
sorts by the same name can, however, ordy lead to a still 
^j[reater confusion amongst the consumers, who do not know 
how to lix their stajidards. But it is to be severely condemned, 
and can only be called fraudulent, to describe inferior ({ualities 
as “ ikira,” as too often happens. Only such sorts have a 
ri^dit to this designation in whose production only a “ hn(' 
Para” caoutchouc has been used, other sorts having •been 
strictly excluded. 

A no less remarkable phrase than the jepi'ated descri|)tion, 

Para,” for goods wliich are made of other caoutchoucs, is the 
appearance of fantastical and fancy names given to certain 
mixture's to make the consumer belie've the material to b« 
something quite new and abnormal. It is iiicredible and 
humiliating how the consumer can be iniskal by a name and 
can be brought to buy the goods, thinking he is [)urchasing 
something (piite extra, wherc'as the })roduct with the tine name 
js a cheaf) article' sold at a good i)rice. 

The^ deplorable deterioration of the quality of rubber has 
thus its exjdanation on the one side in the ignoi'ance and the 
im[)ossil)ility of judging the quality by the consumer, followed 
by continual reduction in price. On the e)the'r side there is the 
over-piDduction by the manufacturers, causing the' less pros- 
perous concerns to reduce ]>rices to obtain orders, lollowed by 
disastrous competition be'tween manufacturer and elealer, the 
intention of tlie latter being to undersell the' fornuu', and this 
naturally leads to a demand fern cheap goods of bad quality. 
The prices of raw material have risen during the last years, ,l)ut 
the price of the' linished product has not ke'|)t ste']) by reason 
of a false regard for the customs of the public. The only sal- 
vation lie^s in the formation of trusts (Cartels), but they also 
have their seamy side, a fact which cannot have esca])ed those 
who have givc'ii them any attention. 

To colour the raw material, not only zinc-white, etc., but 
also vermilion, red lead, ochre, ivory black and soot are added. 
The recipes for the particular mixtures, which depend on the 
choice and use of the right qualities of raw caoutchovic, are 
innumerable, and countless qualities of vulcanised rubber can 
be produced. Each recipe is carefully guarded as a precious 
secret. Only an absolute knowledge of each ingredient permits 
a particular quantity to be reproduced, as chemical analysis — 
as ha s^ already been stattd — will in most cases not give a^uffi- 
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cieiit cine to the additions made and tlu' quantities usctl. Even 
practical tests and n'searclies do not k'ad to the speedy dis- 
covery of an approximate and sueei'ssful result. 

The maniptdations of kneading and mixing are very simple ; 
the construction of the apparatus and the nature of the material 
to be handled explain them easily. After the stated (plant it ies 
of raw caoutchouc — which does not need to he always of the 
sam« quality, and generally is of dilfenuit origin—and the other 
materials have biH'ii carefully s(d('cted and tlu' weight noted, 
they are jilaced in small ])ortions betwc'cn the rolUa-s. Tlie 
larg(‘r part of the material heconu's at once a plastic substance , 
which (‘itlun’ sticks naturally to tlu‘ rolk'r and is caiTied round 
,with it, oi' if this is not thi‘ case, the material has to be brought 
up from the bottom of the mill to the rolku’s. A loose covc'r to 
the first roller is soon fornu'd, and as long as the machiiu‘ is kept 
going it is pressed betwecui the two cylindei’s. If some of tlu' 
material drops down or do(‘s not adhere it is brought back until 
tlu' whole of the mixtuD' has become oiu^ homogeneous mass. 
As soon as the well-mix(‘d loos(‘ cover has gone sevc'ral tim(‘s 
through th(' rollei’s it is rippial opcm with a short sharp-(‘dg(Hl 
kiiib', I'olk'd in cylindca* shape, and again ])laced in the rolling- 
mill. This ma,ni|)ulation is o'lxsited until a uniformly kneadi'd 
and moulded material can be finally taken off in tlu^ above- 
describt'd fashion. 

Th(‘ ridling-mills are not always open, sevei'al constructors 
place th(‘ cylinders in a wholly cased-in tank. The reason for 
this is to prevent pic'ces of material falling, and to save the 
work of tly' attendant. Theoretically this construction is quit(‘ 
corr('ct, ae.d much can b(‘ said for it, but practically it has not 
proved of valiu', at least not as far as caoutchouc is conceriU'd. 
Gntta-p(‘rcha manufacturers make use of it, but the material 
is different, as will b(' shown in another section of this book. 

The rolls of rubber an^ talum olf the cylind('rs for further 
treatment (^n a calender, whei’c they are rolkal into tliin sheets. 
These cakuiders have gcuu'rally a system of thn'C and some- 
times four rollers. An English manufacturer (h'signed and 
constructed a cal^mder with six rollers, but it did not meet with 
the ex})ected approval. Th(‘ illustration shows a calender with 
four rollers. The calender inllers are generally of steel, hollow 
inside and. heated by steam. The cylind('rs can be moved, by 
special means, to enable the making of sheets of all sizes, but 
it is seldom that a factory produces any sheets of more tlian one 
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to two millimetre thickness. The temperature of tlie calender 
rollers is of the Greatest importance as regards the equality of 
the sheet, the prevention of stripes, so called flowers, and air 
bubbles. Each roller has on its axle not only a steam, but also 
a cold-water pi})e, as well as a third pi})e which carries the 
steam and cold water off. The sheets which leave the calender 
on the opposite side of the point where they are introduced run 
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on to a horizontally stretched cloth, and tojirevent s, ticking 
them together they are rolled on wooden cylinders. 

The line-cut sheets arc prepared with their imitation cutting 
' marks on calenders of the same construction, which have for 
this purpo.?e a steel or bronze cylinder with engraved channel 
on the< lowest roller. 
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3. — Production of Goods from Soft Rubber. ^ 

The production of rubber goods, with the exception of tlie 
making of waterproof tissues, is in reality a truly plastic work, 
the larger part of wbicb lias to be done by liand. Ideal 
macbinery has little to do with it, but many, and the most 
divergent forms of moulds and ])resses are made use of. 

The foundation for all the work, again, with the exception 
of the production of waterproof cloth, is always the cut, rolled, 
pure or mixed sheet. 

Owing to the eas(‘ with wbicb the cut sheets can be used for 
further production, ev(ui by the employment of the' most primi- 
tive methods, tb(‘y found wides|)read accejitance in the early 
l^istory of the rubber trade. The production of cut sheets soon 
developed in Germany and Trance into a branch of the caout- 
chouc industry by itself, but this speciality has never been con- 
sidered as a great one, and the largest rubber goods manufac- 
turers have never taken it up, or have done so only as a side 
liiK*. The industry has in many cases In'conu' a home trade, 
and this is specially the case in Manchester and Paris. Thi‘ 
best-known and most used articles mad(‘ of fine-cut sheets are 
outfits for feeding-bottles, tobacco pouches, tubes and pipes 
for chemical lalxn-atories, and the many articles for surgical 
and ti'chnical use, for wTiich no otlier caoutchouc material 
serves so wxdl as the oik' at |)r(‘S(.‘nt under consideration. Tin* 
manufacture of all these articlt-s is done by hand, and is very 
. imple, because the freshly made surfaces caused by a cut with 
a knife, a die, or a pair of scissors easily adhere to each other, 
and this adlu'sive ])ro[)erty can h(' increased 1)V a slight moisten- 
ing with henzin or a. solution of caoutchouc. It is only neces- 
sary to cut the parts of tlu'se articles according to a pattern, an 
easy work for a knife of a ])air of sci.s.sors. Articles made in 
large quantities, like outfits for feeding-bottles, can be stampi'd 
out in parts, and assembled or put on forms to give them the 
required shape. The portions forming the surface parts are 
either stretched with a ])aper-knife or slightly tapped with a 
little hammer, the head of which is rounded off. The hammer- 
ing is done on a piece of iron with an equally rounded surface. 
Hollow articles like balloons, tubes, etc., are strewn with talc 
on the inside to prevent the sides sticking together. The vul- 
canisation of these articles, of which a detailed account will bo 
given in the next chapter, is equally simple. 

Much more complicated is the working of the mixed sheets, 
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and thi^ is partly cansod by the lar^^er and often very exten- 
sive dimensions which they assume. In the first place, goods 
for technical use, such as packing, cords, valves, hose, beltings, 
roller covers, etc., have to be taken into consideration. It is 
in the nature of the use of many of these articles that they 
should have the elasticity from one side to the other, or from 
top to bottom, or in a vertical direction, or lateral, in a hori- 
zontal direction, or, for hose, over the whole circumfei^mcc. 
This is best done by the insertion of tissues of metal, cotton, or 
linen, aod a distinction has to be made between articles with or 
without these dillercnces. 

Sheets without the insertion of texture's are the', simplest pro- 
ductions. This is a material which has been rolled in the 
calender to an equal thickness, and cut to a certain length ancl 
width. 

Flat and circular discs are cut out of sheets by quickly rotat- 
ing knives; flat rings arc made in the same way, only one 
knife with two blades, one of which is placed on the outer, 
and the other on the inner edge', is used. Larger quantities 
can b(' quickly producc'd by placing several sheets one on toj) of 
the other, when equal sized discs or langs are easily produced. 
Eings can also be cut out of cylinders or tube's which art', placed 
on a w'ooden spindle, wdien the (uitting ofC is easily doiie. 

Plain cords or ropes without insertion, round, half-round, 
three, four or inoi-e cornered, of the most varied profiles can be 
pressed by machinery. The prepared material, brought to the 
proper temperature, is forced by a stockworm to aii openmg 
wdiich can be altered to any desired diameter, and through 
W’hicli tlu' material is pressed, coming out at tlu' other end as 
perfeett'd rope of any shape or size. Cords are also often rolled 
out of fine-cut slu'cts. 

Plain tubes or jueces without in.si'rtion, at k'ast such of 
smaller calibre, are made by tlu' same machine by inserting a 
core in the round opening, the diameter of which equals in size 
the required inner dianu'tc'r of the tube, whereas the whole 
opening is the same as the outer diameter. 

Thick('r discs or valves arc cut to the approjiimatc dirgensions 
and ins('rt('d in iron moulds. Tlui moulds are shaped exactly 
to fit the tinished article, and when these arc vulcanised, the 
wdiole is put umh'i* very heavy pressure. The production of 
other formed or moulded articles, such as buffers, stoppers, 
billiafd cushions, mats, is done by the same piV)cess. These 
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moulds are often very complicated, and form a coifsiderable 
portion of the cost of the article : it often luip])ens that thc^ 
mould is much more expensive than the article, and this is 
especially the case if only a few specimens of the same kind 
have to he produced. 

Hollow artick^s, such as pouchc'S, halloons, toys, dolls, etc., 
are cut and assenihled in the same manner as dc'scrihed for hni'- 
cut rf^hcets. Before closing, a little water or carhonah". of 
ammonia is pourc'd in. ddiey are placed in their moulds, and 
in thes(' the}^ are vulcanis('d. BIh‘ t‘nelos(Ml air, which t^xpands 
in th(' heat, or the develo])ing gases and the stc'am formed hy 
the added fluid, forct's the malerial firndy against tlu' mould, 
^nd the whok' is W(‘ll pj-i'ssed into all nooks and conu'i’s. 

ft has alr(‘ady Ix'CJi stat('(l lhat foi’ several D'asons many 
artick's rc'qiiire a, filling of cotton, hemp, oi- wii'i' mixtiu’e. All 
tlu'se filling materials have to h(‘ coat(‘d Ixd’ori' tiu' manufac- 
turing can he umk'rtaken. ddiey arc' drawn, lightly strc'tchc'd, 
through a cak'udei*, which hi'ushc'S a hc'atc'd and soft him over 
thc'm, or a workman hrushcs the material with a solution made 
of caoutchouc in hcnzin. 

Shc'C'ts \\ith stillenei's or insei-tioms are workc'd on the calen- 
der’, and the procc'ss is similar to the coating of the' insc'rted 
matc'rial, with tlic' diden'iicc' that it is ])re])a7’e(I instc'ad of raw 
matc'i’ial which is trc'atc'd, and that the' rollers are sc't to tit the' 
thick'iu'ss of thc^ ruhher layers and the' tc'xturc' whic'h have' to 
pass tlu'ough thc'm. Thc' matc'rial has to pass the' calendt'j- 
once for evc'ry adek'd layer of I’uhhc'r. Jf tiie matcu’ial has onc' 
insc'rtion itj)asses the cak'ndc'r r’olk'i’s twice, and with two insc'r- 
tions the' [)roc('Ss has to Ice gone through tlu’c'c' time's. 

'"kuhi's, piping, or hosc', nith or without textile insei’tions, 
are strc’tcluHl over metal tulces as soon as thc'ir diamc'tc'r has 
reached a (*t'i-tain size. Bhc' pi’occ'ss is as follows : tlic' shc'cts 
arc cut in small narrow strips, and tlu'se sti’ips arc' .altc'i'nately 
with the insc'rted materal laid round the mc'tal tube, until the* 
riibher pipe', tube, or hose', lias tlx' de-sired thicknc'ss. England, 
America, and (fermany employ machinery for making these' 
tube's, fgid these gire es]K'e'ia11y useful for the smallei’ sizes. 
Some tubes have a spiral wire' hc'tween tlie ruhher and the 
insertion, which is woi’ked in with the' other materials. Tula's 
and hose canstrueded by tliis mc'thod are gc'nerally vulcanised 
on the metal tube on which thc'V liave been miinufactured. 

Cords or ropes with insertions are^ (ij it is ek'sii’c'd that^thev 
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should be round) rolltMl np from coat(‘d texture, strips, and 
sheets; in case a square, shape is desired, such as for packings 
and tuck-cord, tljc material is wound round a four-cornered core 
and pressed in a mould. 

Driving belts, which re(piire the best and strongest cotton 
h'xtun' as insertion, are placed togedher accoi’ding to the re- 
(piired width and thickness, for which a vari('d nund)er of layers 
is nec('ssary. These an* geiuTally sewn togadlua* longitudinally 
to give the whol(‘ material a firm gri]). When this has l)een 
done, and after they have received a laihber coating enclosing 
the whol(‘, as in a case, the belling is placed in a mould and 
pressed. 

(’overs for cycle tyres (during the last few years an im- 
portant ])art of rubber goods manufacture) are prt'ssed as 
already formed covers into tlu' moulds, or they are built up 
flat on a drum from stri])s or ribbons. 

( ’overs for automobile tyres a in* only made in special moulds ; 
their calibre is too heavy for the ordinary })rocess. 

Ixoller covers, when they an* not to b(‘ vulcanised on an axle, 
are made of thin sheets in a similar way to tubes made over a 
spindle. But when the covers must adbei'e to tbi' axk', the 
sheets are laid on the axle and pressed into one homogeneous 
cover. To lit tlie cover securely it is necessary, if soft rublier 
has bet'U used, to insert Ixdween it and the axle a layci- of bal'd 
rubber. 

Considerations of greater durability, or sfiecial reijuirements, 
make it sometimes lU'Cessary to combine the ust' of soft and 
hard rubber, as in the case of rolku's for wringers, covau’s for 
rolbu's for paper factories, the lining of acid ]uim])s, the linings 
of bottle-cap apparatus and others, but of these more will be 
said later on. 

A singular product is th(‘ so-called s])ongy rubber or fungous 
caoutchouc. It is [iroduced by quickly heating a solution of 
rubber in a volatile reagent. As the natgent is vaporisial it 
leaves a porous mass of solid rubber, ddiis spongy or moss 
rubber is mainly used for toilet articles, such as bath sponges, 
friction brushes, glove cleaiuu-s, as insertions for several medi- 
cal instruments, and for soles for brewers’ and hunters’ boots. 
Owing to its material and production it is, comparatively 
speaking, not very durable, and it soon become^ hard and 
brittle. The importance of the jiroduct to the trade is therefore 
small 
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4. — Production of Waterproof Textures. 

Two wull-kiiown methods for mamifaetiiriu^ waterproof 
textures are known ; tlie so-ealk‘d “ doiihlc* textures ” and the 
single tt'xtiirt's. ” The former eonsist of two layers of the 
same or diilerent material, wlnkdi adhere to ('aeli otlier hy iiK'ans 
of a thin layer of caoiitelioiic. I'he latt(‘r, the single tt^xtiirc's. 
consi.^t of a single h'xtile mat(‘ria], which is sonudinies (‘oated 
on one side only, and sometimes on l)oth sides. Tlie ('xtiannely 
wid('spread tis(_‘ of these wat(‘r and air-proof niatc'i'ials for ^ar- 
nu'iits as a protc'ction against rain as well as oilier tlnids, damp- 
ness, etc*., for diving dn'sses, tcmts, transjiortabk' air-tilled 
l.ioats, bathing tubs, balloons, eiishioiis, mailress('s and beds, 
as watef‘[)roof sheets for siek and ehildrcm’s beds, and a thou- 
sand and more tuapiircMncmts, is very wcdl Icno^vji. 

The composition of the double textures has already beam 
staled. The single tc'xtinx's aia* now mamifacturcal by the* fol- 
lowing jiroeess : the eaoutehoiic, often mixed with colours 
(black, white, ochng also red, yellow, and brown), is dissolved 
i-n tiir[)entlne oil or benzin, and forms a sort of dough or varnish. 
Jt is biaished over the textile* material by mc'ans of a specially 
construcled machine, the sprc'adcue ddiese brushings or spread- 
ings must b(‘ ^■ery line*, and after t'V(‘rv drying tla* pi'ocess has to 
lie repeated six to twc'lve times. (.)ne c>f the lirst rcajuirc'meiits 
of a good caoutchouc coating is tlie <‘(piality of the* spreading 
.'nd the absen(*e of little knobs. I )ouble-faced matc'rial is madci 
Ijy treating the texture on both sides in the stiine w’ay. 

T^ie sprciJider consists of a horiztintal rolk'r resting on an 
iron frame' ; the rolli'r is fixed on the upper e'ud of an iron table 
provide'^ w ith hollow, Fgeam-heated jilates. Ovc'r the roller is 
a blade with a sojik'W hat blunt c'dge, re'gulated by spindles 
according to the required thickiu'ss of the caoutchouc layer, 
ttetwe'cn the roller and the blade* the texture to be* treated has 
to pass, and the caoutchouc sf)hition is ap[)lied to it by means 
of spatulas just ])e*fore it re^ache's the* knife. The coated tex- 
ture has to pass the heated tablei on the other side, and on the* 
way mo^?t of the betizin ex)ntained in the* solation has volatiliscel. 
The material is rolled on a cylineh'r on the lower end of the 
table, and when the whole jiiece of te'xture has be'cn brushed or 
spread it is "brought back to the front of the spreade*]-, and the 
process renewed until the coating is sulticiently thick. 

The* extierimcmt of using the fresh ^‘aoutchouc latex as it 
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comes flrom the tree, and spreading it over the texture, has not 
liad the desired results, not to speak of the many disadvantages 
and inconvenienc('s of ti’ansporting the lat('X from over sea to 
onr shores. The ])rimitive method has been tried, but it has 
never found an extended use. 

After the eoatcal textiin's liave been vulcauisc'd, tlie now 
^vaterproof material is [)laced in the hands of tailors, who make 
garments and other goods of it just in the sanu‘ way at^ th('y 
treat other cloth, with the exception of the steams, which are 
sewn and solutioiuul together. Brushing tlu' sides to be 
solutioiual with pumicci-stoiu' water hd'ore they are thus treated 
can be lecojumeiided. The solution shoidd have time to dry 
before the solution of (*aoutchouc is applied to stick the 
material togetlunc A hand-roller is finally employed for press- 
ing the whole, and to avoid creases. 

5. — The Production of Rubber Shoes. 

The production of ruhlxu’ l)Oots and shoes is of tlu' very 
first importance to the caoutchouc industry. It has ix'aclu'd 
a great output and the dtunand is iiicn'asiiig. T.arge manu- 
facturing estahlishnumts make llu'. pindudion thdr sol' 
business, or tlu'y only pi'oduci' goods in addition to ruhhei’ shoes 
which ai’c sonu'what relah'd to that manufactnia'. TIk^ |)ro- 
duct itself and the iiu'thods of maiuifacluri' have, conseqiundly 
and naturally been much im])roved, find it is [irohahle that pi'i- 
fection has been rt'aclu'd. What a diflerenci' thei’i^ is Ix'twecn 
the clumsy and unsightly foot-covering which, according to 
Charles de la Condamiiu', was mamifaeturc'd and iised liy tlu' 
natives of Quito in ITob (they W('re niad(' in a jirimilivi' fashion 
of the blevea latex) and the elegimt and glossy hoots aiul shoes 
turned out by tlu', rubber sho(' works of th(' jiresent tine'! 
Every change in fashion is copii'd, :ind tlie |)roduct is so light 
and comfortable that it can easily stiind a compaidson with th(' 
best boots produced from otlu'r materials, :ind in many cases 
can surpass thesi*. with regard to ipiality and lit. 

The manufacturing of rublx'r shoes at first sight si'i'ins an 
easy and simple task. A light, soft, and, somewhat clastic 
knitted fabric, white, grt'y, or red (the lining of the shoe), is 
used to cover a caoutchouc nniterial which has been coloured 
black. The single parts are cut out to ]iatte]’n and th(' different 
portions are assembled over an iron fr:mie. d'o givi' IIk' shoes 
the rbquired black glaze, the ouh'r side is brushed w ith lacquer, 
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and then the shoe is viilcanistal on llio form or mould. Yury 
simple ! But to facilitate tli(‘ })ro(liiction in lar^n* (piantities 
and to preserve the manufactured {i^oods for long wear as desinnl 
by the modern purchaser tlu' most com|)licated machinery is 
required, and very elal)orat(' and v(‘ry ingenious manipulation 
is necessary. Calenders with engrav<‘(l cylinders ar(‘ used for 
the upjier part of the shoes and otliers foi* ttie soles ; presses foi’ 
the lieels ; cutting machines for individual parts, ornanumtal 
strips, etc. When the shoe has laoeii hnished on its last, it is 
placed in an air-tight chambt r which has fx'en heat('d by nutans 
of a steam-[)it)e, and here it is vulcanis(‘(l. iNfaiiy Innulnal 
pairs can he trcatcal simultaneously, and for tins purpose they 
are placed on small trucks which are I’olh'd into the viihainisa- 
tion chambers. The vulcanisation is an (‘X(‘e[)tionally diflicult 
ofx'ration, laapnring great attention and long expiuaenc'e to he 
successful. 

6. — Production of Threads. 

The manufacture of qiiadraiigular thnaids from ^vash^'d and 
pressed caoutchouc blocks has ah-caidy Ixu n iiKUitioiied, and it 
was stat('d that this method has long been discarded. TIk^, 
ancient method of making round threads of caoutc*hoiic solution 
is worthy of mention on account of its historical interc'st . This 
iiiethod re(|uiri'd th(^ caoulcliouc to he dissolved in h('nzin, and 
the solution was forced tliroiigh a tin ])late pmudied with hok'S 
like' a, sieve. The fresh, soft threads were canded ov(‘i- ,an end- 
k'ss cloth strewn with talc, and as soon as th(^ heiizin had 
volatilised (whicdi the length of its journey on the cloth made 
posLwhle), the threads wx're reeled up. Vt'ry thin threads wei’e 
made by stretching the. fresh, un vulcanised, thicker threads in 
a temperature of about •GJtP B., when they w ere (juickly cooled 
down to about 30° F. 

Quadrangular threads, now' exclusively in use, can be pro- 
duced by many different metlaxls. (hu? of the older jnethods 
required, the stamj)ing out of round plates al)out an inch thick 
to discs ten to twelve inches in diameter, in which form they 
w'cre vulcanised, when they were, (‘ut into spiral ribbons, and 
the latth’ then ditided into threads. A more modern method 
makes thin sheets (of the thickness of the recpiired threads) 
from a mixed rubber which contains a good proportion of 
sulphur. T^his is run through the sprc’ader on an endh'ss cloth. 
To prevent tlje sticking of the sheets to the cloth (wdijch is 
made from a fine cotton twill) this hits been covered wdth a 
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vulcanised rubber cover and is continually strewn with tal(‘. 
Tlu'se sheets, twenty to twenty-four inches lon^, are, aft(T vul- 
canisation, brushed with a shellac solution, rolled on a cylinder, 
and as soon as the sheets an^ dry and firmly adhere as a solid 
material, the whole is cut into threads by means of a knife. 
They are then cleaned by boiling in a c[iustic lye and diled. 
This last procc'ss is to remove the sulphur which otherwise 
would show on the surface (blooming). 

Caoutchouc thr(‘ads are only used for making elastic 
textures, otherwise they fi)id little employment. As material 
lor clastic textm-('s they an' of very great importanc(' ; stock- 
ings, bandages, lu'accs, garters, shoe elastic, and many other 
goods are manufactured of them. Thes(' are produced on *a 
weaving loom, where the caoutchouc tlu’eads an' ('ither the 
warp or tb(‘ weft. Fjlasti(; for shoes is also produced by making 
two knittf'd fabrics adhen^ l)y means of a very thing caoutchouc 
layer between, this mah'rial bc'ing calk'd “ patent elastic.” 

7.- Irnsulated Wires. 

Since caoutchouc has entered thi; si'rvica* of ek'ctricity and 
is used, in addition to the mon' impoi'tant gutta-percha , for 
insulation purposes, th('. production of insulated wires has 
become the youngest and not tlu' k'ast im])ortant branch of tlu' 
trade. Hubber goods manufac'turers have not taken up the 
article, th(‘ production rests mainly in the hands of the elec- 
trical cabk' works, which ('itlu'r purchase' the I’l'epiired rublx'r 
waslu'd and already })repared for vulcanisation as a half-tinished 
product, or tlu'V have' installed tlu'ir own washing and brush- 
ing mills. '\\) cover tlie' wire's with the pr('|)ared inate'rial, 
similar to()ls and apparatus are used such as have been ejescribed 
fe)r the production of drawn cords and ro[)es, with the ditlerence 
that for insulate'd wires the wire to be' covered is made to enter 
at the rear and (Kuno out in front of the ap[)aratus, i.e., tlu' 
]‘everse way when compared with the otheu’ construction. 
According to another but k’ss employeel method, the wires an' 
coven'd with thin sheets cut into strips which are rolled round 
the wire, similar to the rolling of hose bound the' s|)indle. 
Caoutchouc insulated wires are seldom used as such 
independently. When it is done, the wii’es are covered with a 
thin texture of cotton or silk. As a rule a numbhr of the in- 
sulated wires are coml)ined for one cable, wiiich receives 
another inde])endcnt cAver. 
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The preliminary treatment of the raw materials and the produc- 
tion of some of the most important articles of the rubber 
industry, so far as the work of pvin^^ them their proper shapes 
is concerned, has now been thoroughly considered and the stage 
has 4)een reached where a description of the vulcanisation 
l:)e(;omes necessary. This process is one of the most important 
in the production of rubber goods and may be characterised as 
the pith of the whole procedure. Before entering into the 
details it will be advisable to recall some of the characteristic 
properties of the raw imvulcanised caoutchouc. As has been 
stated, and it must be borne in mind by the Header, raw caout- 
chouc begins to soften at a temperature of about 85° F., and 
when the temperature has reached 120° the material is highly 
adhesive. It is the reverse when the tem])erature sinks to 
about 50°, for then the material is hard and luittle, and when 
82° is reached, it a])p(‘ars as if it wen^ frozen. Undei’ the in- 
fluence of atmospheric light and air, and ('Specially under the 
simnltajieous influence of moist un,' and heat, ii oxidises and 
becomes a pitch-like, stick}* material. It is quite clear that a 
product which can be atTected and changc'd by the action of 
temperature and natiu’al nu-ans, as tlu' raw caoutchouc [)roves 
to b(‘, is not a material in a lit condition foi- the universal and 
industrial use it has Ixam destimal for. It was a probbun for 
the clK'inists to find means how to eliminate tlu' bad properties 
an(\ how tp (‘nbance those which arc so useful. A solution of 
the problem was found in vulcanisation, which brings about the 
following effects : — , 

1. d^he caoutchouc becomes as much as possilile insensible to 
the influence o/ cJianging tcnqx’raturc and the action of 
chemical agents. 

2. It loses the adh('sive pro[)crties and the gn'at plastic- 
forming capabilities wdiich characterise; the raw unvulcanised 
material. It gains greater elasticity, the soft jaibber acquires a 
greatcT* consisteivy and greati'r tenacity, and it resumes at 
once its old unchanged form as soon as the exterior influences 
have ceased to act. 

This is (Effected by the combination of caoutchouc and sulphur 
under the influence of heat. 

Tito Frenc*h chemist, Anselme Pay^n, has made interesting 
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researches in this direction, and he found that a rav/ sheet of 
caoutchouc dipped in a bath of molten sulpluir swelhal when 
the whole was lieated to about 250° F., at the same time 
absorbinj;][ a part of tlie sulphur. Aft(U’ a quarter of an hour the 
caoutchouc showed no clum^ms ; when touched, it was still as 
sticky as l)efore. 3.1ie (‘xp(*riment was continued for thirty to 
forty minutes, and the t(‘m[)erature was chan^^ed to between 
205° and 2S5°, wlien the caoutchouc Ix'canu' yellow, losiqg its 
stickiness. The (dasticity liad increased, and tlu'. (dfect of 
cold was entirely negative. Tin’s result was obtained wlien the 
caoutchouc had been mixed witli dowers of sulphur, and w\as 
exposed for the sjune time to tla^ last-mentioned tem])erature. 
Each degree of tempc'rature between the melting-TX)int of 
sulpluir and 320° F. (dfects the sanu' results, which were 
oldained the qui(*k(‘r the higlu'r thi'. teiuperatui’i^ rose. 

ddiis experiment contains the main outlines of the process of 
vulcanisation. It is, howevi'r, not only pure sulphur which 
can eilect the vulcanisation of caoutchouc: bisulphide of 
carbon with chloride of sulphur and several other sulphur com- 
pounds, iodine, broninu', etc., can act in the same way. In 
this manufacture only pure sul|)hur ni'cd be considered; only 
one method — the so-called cold vulcanisation — employs chloridi'. 
of sul[)hur mixed with bisulphidi^ of cai'bon. 

It is not intended to give a full description of the numerous 
trials which were made to dud the best mode of |)roc(alur(e or 
to writ(' a liistorical narrative' of vulcanisation and its devc'loj)- 
ment. It will be sufticient to have* a short de'liiioation of the 
methods in common use, and even these without an attempt 
at chronological seepience. 

Parkes, of Birmingham, invented in 1.81() the so-called cold 
vulcanising method, for which purpose he exposed the’ caout- 
chouc for shorter or longer pe'riods (from about one and a half 
to three minutes, according to the thickness of the goods) to a 
mixture of a hundred |)arts bisulphide of carbon and two and a 
half parts chloride of sulphur. After the pieces had been 
dipped in this conqxiund, they were quickly taken out and 
dried in a w’arm stream of air of about 78° F.^ temperature ; or, 
to prevent the prolonged intluence of the chloride of sulphur, 
the pieces were washed in lukewarm water, in which the chemi- 
cal decomposes liefore the drying begins. Instead of the 
bisulphide of carbon, this method permits also the use of care- 
fully purified petroleum pr benzin, but their usefidiu'ss hao not 
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yet found any special recognition. The Parses nTetliod is 
especially ada])tal)le for tlu^ vulcanisation of smaller articles 
which are not too thick ; tliicker pieces would have to rtunain 
in the bath for a, lori^er period. This expos('s them to tlu' 
dang(‘r of burning. Parkes I’ecomimmdc'd a niixtma^ of half 
a part of chloride of sulphin* and a hundrc'd ]>ai’ts bisulphide 
of carbon, and th(‘ j'epeat('d dip[)ing — about two or thrct* times 
— of, the goods to be vuicanisc'd into th(‘ bath. 

The process does not exclude' the dangcu- of many disadvan- 
tageous results. Practically the method is only nsi'd for manu- 
facturing articles out of thin, line-cut sheets; it is used on 
account of the ])rimitive ira'ans which can be employed, th(' 
rpiickness with which vulcanisation can be elfc'cted, and be- 
cause it can bo so (‘asily ada])ted to tlu' use of twiiu' workers, 
who make most of the articles on th(‘ market ])y this method. 
On a similar basis rests tlu' vulcanisation method by nu'ans of 
chloride of sulphur as vapour. The nu'thod is S('ldoni e]n[)loyed, 
and only for vc'it thin goods. 

Hancock’s nudhod, the so-called heat vulcanisation, consists 
in bringing the article's to b(^ ti’c'ated by this procc'ss into a bath 
of molten srdphur whicli has Ix'cn lieated to about iiMJ® to 
30:^^ l'\ ’fhe goods remain in this bath until tlu'y have l)een 
thoroughly ])ermeated and have absorlx'd ;il)out 10 to 1.5 p(‘]' 
cent, of the sul])hur. Ikd’ore bringing the aidicles into this 
l)ath, it is advisnlde tf) kee'p them for tw(‘nty-four to thirty-six 
hours in a h(\‘ited room, to let the' se)lntione'el seams (which have' 
bee'll treated with the' benzin aiiel caeiutchouc se)lution) become 
rpiite dry. ^ If this prc'cautiein is ne>t taken, e)ne risks the* danger 
e)f t*lie seams coming apart. Afte r the articles have be'cn taken 
out of the sul()hur bath, a firm sulphur crust forms on the out- 
sielc of the vulcanised goods, whic'h has to he re'inove'd by 
rubbing or scraping with a flute'd board. The' goods are now 
removed to a room heate'el to about <d5° to 105® P. In spite of 
the rubbing and scraping, the articles still contain too much 
sulphur, which comes to the surface* when the* gexids are* 
stretched in the form of a fine' grey pe)weler. This can be 
removcMl by washing the gexids in a dilute solution of soda. 
This vulcanisatiem process is used principally for goods made 
out of fine-cut sheets, and, if prejperly done, it is in all oases to 
be preferred to the cold vulcanisatk)u. 

Accen'ding to a method of Gerard, the caoutchouc remains for 
threcf hours ifnder a pressure of four atmospheres in a solution 
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heated t(5 265°, of penta-siilphide of calcium of 25° B. After 
the goods have been taken out they are washed in water and 
dried. This process gives excellent results, vulcanising well 
and equally all over. The goods have a fine, soft surface, 
something like velvet, but the method is only suitable for articles 
of smaller dimensions. To enable manufacturers to use the 
process for larger articles, Gerard recommended the mixing of 
the caoutchouc with a fine, pulverised, earthy material, -such 
as hydrate of lime : 100 ])arts of caoutchouc, 6 parts of sulphur, 
and 6 to 10 parts of hydrate of lime are carefully mixed in the 
mixing machine. To vulcanise this material it is placed in a 
closed steam or water bath at a temperature of 265° in 
which it remains between one and a half and three hours, tha 
knigth of time depending on the thickness of the goods. 

The most imf)ortant method of vulcanisation, which has 
found a very wid(‘spread use, was inv(mted by Goodycair. Jt 
consists ess(mtially in the m(‘chanicnl mixing of a quantitv of 
sulphur with a quantity of caoutchouc, when both materials 
are cold, and exposing to a certain temperature und(‘r a definite 
pressure. In French factories for the latt('r work the term 
“ cuisson ” is often used, and some of the German manufac- 
turers call it “burning”; but th(' universal name for the 
process is always and exau'ywhere “ vulcanisation.” llhs is 
undoubtedly the proper term, and for this ]un‘]'>()se it has found 
universal recognition. The method is very rational, it works 
under dthinifi^ ruk'S, and as long as proper can^ is taken acci- 
dents can alnhjst be {?xcluded. The washed aiul drical raw 
caoutchouc is mixed in the mill with an addition of sevep te 
ten per cent, flowers of sul])hur, or sulphide of antimony, with 
('qual quantities of free sulphur. It is sidf-evident that for 
certain pur|)oses other points have to l)e takcai into considei’a- 
tion, and consequejitly the addition of sul|)hur may vary from 
three to fifteen per cent. A fundanumtal condition for good 
i’(’sul(s is a very careful and equal mixing: the material must, 
in fact, be absoluhdy homogeneous. TIiuKt this condition and 
whem the material has been moulded or given its })roper shape, 
it is jilaccd in closed chambers where it is Gxposed to‘a tem- 
p(Tature of about 265° to 300° F. hlit'se walled-in chambers 
are at the present time very seldom used and only for certain 
])urposes. Closed iron boilers, in which thre‘c to four 
atmospheres of steam can be introduced, have taken their place. 
In adflition to these boiiers prcs.ses are used equally oftefi, the 
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plates of the presses being also heated by steam. I'he con- 
struction of these presses and boilers will be referred to later, 
when several other appliances come under consideration. 

Two or three hours are enough to give the goods a suflicient 
vulcanisation by the employnuait of this method. Tht^ goods 
vulcanised according to (loodyear’s method sulh'r from the 
same bad ellects as those describi'd under th(‘ Hancock method ; 
a fiTTe grey powder is fornn'd on the siu’face as soon as thi'. goods 
are pressed or stretched, eveai aftca* a certain time of storing. 
These are loose crystals of sulphur which can be removed by a 
bath in a solution of soda, as it may be deenual nec('ssary. 

When articles have been vulcanised by mt'ans of sulphide' of 
■antimony the excess sulphur, which shows on the surface', can 
be removed by lixiviation with caustic soda, potash, etc*., and 
this method gives the goods the' well-known prc'tty red colour. 
Vulcanised grey rubber goods of tlie best quality are often also 
.lixiviated, but these goods must be made of juirc' rubber mixed 
with sul])hur, as caoutcdiouc threads, for instance, become 
nearly l)lack by the process. 

13esid('s these* mc'thods of vulcanisation })rinci])ally in use, a 
number of others are known, but tlu'v are all moie or less varia- 
tions of those which have* bec'ii here* dc'seribed. Individual 
manufacturers may have* sjM'cial methods for vulcanising s]')ccial 
goods, or tiu'y may employ one* special manipulation, the results 
of practical expc'rience, l:)ut these are regarded as valuable 
mam if ac fining secrets. 

The? nature of vulcanisation itsc'lf is not yet known to inodc'i’n 
science. •The manufacturers use it without undc'rstanding the 
ccjinjdcte reaction, just as electricity is used without knowing to 
the fyll the force, which is handled; the ]^hrase about “the 
vibration of atoms ” covers a deh'ct in our knowledge, and the 
same purj)0S('. is served when the vulcanisation is dehned as a 
chemical compound of caoutchouc and sulphur. , Besides this, 
the “ chemical compound ’’ is only a prol)ability to some and a 
possibility to others, whereas others have grave doubts on the 
2X)int, and some even go so far as to deny it altogether. 

As long as a better explanation has not been found this may 
serve as the right one ; those who like to follow up the matter 
are recommended to study carefully the meritorious and in- 
genious Researches of Payen, Heinzerling, Unger, Donath, 
Otto Weber^ and others. The reply which the last named gives 
to question is contained in his ft'eatisc on Vulcanisation, 
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“ Gnindziigc einer Tlicoric der Ivantschuk Vulcanisation” 
(Dresden, ]902), from which the following is abstracted. 
According to the view expresst'd the basis of caoutchouc vulcani- 
sation is a pectinisation caused by chemical action, and the vul- 
canisation process itself consists in the formation of additional 
products of sulphur and polyprene. The highest limit of the 
additions can be expressed or represented by a body Cioo'tijc.o 
Soo, and the lowest limit is very likely CiooIIicoS. The series 
is physically remarkable, and characterised by the lessening 
of elasticity and the increase of intlexibility from the lower 
to the higher limit. The degree of vulcanisation reaclu'd 
depends on the temperature and duration of the vulcanisation 
and also on the rpiantity of sulphur which has been used. 

The fact I'emains that vulcanisation is the most critical and 
ditfuadt process in the whole manufactiirc of rubber goods, 
ddie right temperature and time in each case, how long dil- 
ferc'ut ])ieces shall remain in the bath ot chloride of sulphur and 
bibulphide of carbon or in th(‘ molten sulphur, in the boiler or 
press, and in what pro])ortion the added quantity of sulphur 
must be, arc all (piestions which the individual manufactun.'r 
has to decide and in which he must be guided by (.'Xporience 
and common-simse. If the material to be vulcanisial has been 
exposed to a too high temperature, over-vulcanisation or burn- 
ing has takcui ])lace ; the caoutchouc will have lost in elasticity 
and will soi^m become brittle, es))ecially on the surface. If the 
temperature has beeji too low, an insufficient vulcanisation has 
taken placaq with the result that the caoutchouc can be drawn 
and ju’essed, but it does not .rc'sumc its old form as soon as ithe 
pressure has bt'cn removed. Burning or insufficient vulcanisa- 
tion are two circumstances whicli an* to be the more dep,i;ecated 
as the elTects aja‘, often not noticed and their influence only 
becomes known when the articles are in use. 

The time in w’hich a perfect vulcanisation take.s place depends 
on the quality and the origin of the caoutchouc, also on the 
dimensions of the articles to be vulcanised. Para caoutchouc 
vulcanises slower than Indian and other soft and more sticky 
qualities. Articles with small transverse sections are*^ often 
vulcanised in an hour, w^hercas those with thicker walls or of 
larger size require two or three hours. 

Walled-in vulcanisation chambers arc out of date, and are 
principally used for the production of lacquered pibber shoes 
and a Sertain kind of watoproof cloth. The articles to be vul- 
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canised are spread out in their chambers at a certain^ distance 
from the floor and the walls, either in a vertical or horizontal 
direction. The vulcanisation hc're takes place through the heat- 
ing of the enclosed air. It is of interest to note that this 
method has only the desired eflcct, or gives a perfect vulcanisa- 
tion, when a certain quantity of litharge; has been mixed with 



Fiof 12. — Cloath’s ’ piik'iitetl cover- fast eii'm;; l)y inean.s of faces 


tin; other inat<n-ials. The use of iron boilers with double walls, 
between which steam is iiiti'oduci'd to heat the outer case, rests 
on the sani(‘ ]nanci])les. Vulcanising boilers and presses with 
a direct supply of steam an; now in nearly universal use. 

These boilers are riveted sheds of iron, like steam boilers. 
Their dimension^ are according to the size and construction of 
the goods, the vulcanisation of which they have to accomplish. 
The diameter varies between 8 find ”20 feed , and in length they 
nuaasure from 7 to 10 and 100 feel and more. 'J'he long ^ 
boilers arc used for vulcanising hose, which has, as a rule, to 
be vidcanised*on the cover nudal on which it is made, am? these. 



,ATA 


]ong-strett:hed layers require much space. The average length 
of hose is 60 feet in England, in France 50 feet, and in Ger- 
many about 95 to 110 feet ; these measurements give the basis 



for the required length of the l)oiler. Tlie open end of the boiler 
lias a shouldered rirn, on which a systcun of movable screws has 
been fixed, which fit in tlie notehes of a similar shoulder on the 



close-fitting cover ; the screws can be tightened by means of 
nuts, and the place between cover and boiler is carefully packed. 

In the w'orks of the author, fastenings have latterly been 
constituted for which a patent has been granted (Fig. 12). The 
fastening is by means of w’cdge faces, which are now often 
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used instead of screw fastenings. The wedge faces aPe placed 
spherically round the upper eiid of the cover and are cast with 
it in one piece. On the outer flange of the vulcaiiiser and cor- 
responding with the numbered wedge faces, are bolts, placed 
in the rim, round which revolving sliding catch-bolts are fitted. 
These catch-bolts, by a simple turn towards tlu‘ centre of the 
boiler, press on the wedge faces of the cover, and a slight tap- 
ping.with a copper hammer drives them over the wedge faces. 
The cover is thus firmly ]m‘sst‘d against a rubber ring, and a 
]ierfect joint between it and the boiler is elfected. The lifting 
of the set or folding-screws of the older methods meant much 
loss of time. Th(‘ wedge-face fastening results in an eipially 
safe means of closing the cover on the vnlcaniser. 

To pc'rmit of easy handling tlu' cover geiu'rally hangs, accord- 
ing to the old and the new methods respectively, on a set of 
pulleys or a small crane. Tn the interior of the horizontally 
placed boiler a pair of steel rails is usually ]ilaced, serving for 
the easier moving of little trolleys on which the articles to be 
vulcanised are transported to and from the l)oiler. Several 
other arrangements for the transporting and storing of the 
articles for vulcanisation have b('en introduced in the modern 
vulcanisers, of which the spc'cial mention of the drum will be 
made later on. 

A pipe, which can be opened and closed by a cock on the 
outside of the boiler, serves for the supply of steam, tind 
another pipe has to carry off the steam and the condensed water 
after the process has Ixh'U flnislied ; the boilers have' also })rovi- 
sion for carrving off cojuleiised water as soon as it forms. A 
inanoineter serves for regulating tin* pri'ssure and the tempera- 
ture, and a safety-valve is absolutely indispensable. The illus- 
trationS (Figs. 13 and .14) of a hoi’izontal boiler, in transverse 
section ajul in perspective view, explain themselves. The ver- 
tical walled--in vulcanisers are of a similar construction but of 
smaller dimensions, being made as small as a little saucepan. 
Thes(^ very small boilers are mostly used for experiments and 
for the |)roduction of patterns. 

The vulcanising^presses consist generally of two hollow plate s 
(cases), which arc heated to a certain temperature by means of 
steam ; they are opened and closed by means of worm screws or 
levers, and.for the latter purpose hydraulic power is also used. 

The vulcanising press in its simplest form is not unlike the 
ordinary lettet copying press. The low^r plate rests on table. 
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or stand f the upper plate is carried by pillars and can be moved 
up and down by means of a spindle, wbicb goes tbrougli a yoke 
connecting the two guide pillars, and has a long worm screw. 
The goods to bo vulcanised are brought in closed moulds to the 
press, and the latter is brml}^ pressed down. A manometer 
regulates the pressure and lo'eps it uidform between 36 and 58 
lb. The shape of these ju’esscs is either quadrangular or round ; 
their size varies bthween '2 and GO feet dianuder or side* line 
measure. Small ])resses can be worked by band ; for the larger, 
power is needed. 



Tjarger presses are from 10 to M b.'et long aiid 31. to 5 feet 
widi! : these dimensions re<]uire two or tlirts'. sets of worm- 
sci’ews. To })('rndt a uniform lifting and dropping of the upper 
plat(', the worm-screws are eonnect('d and worlc with equal 
motion. Each screw has for this pur|)ose on its upper pa^d a 
toothed wheel, the teeth of which grip in th(' thrcaad of an (Uid- 
Icss scrt'W which has Ix^en fitted on a shaft placed over tlig pD'Ss. 
din's shaft is driv(‘n by a pulley or a worm ga'ai*, and then lifts 
or tli’o|)s tile iq)])er plat(‘, and controls tlu' opcuiing and closing 
of the press, just as it is desinal. Fig. .15 shows the illustration 
of a press uith t^vo wojan-scrc'ws. As can lie siaui from the 
drawing, a. fable has hecui arranged in front of the jU'css, fi'om 
which ]ilac(‘ the goods to Ix' vulcanisi'd are ])laced in the ])ress. 
A S(‘Cond table to I’cceivc' them aftc'r tlu'V Irtive been finislu'd 
can be ])ut behind the press. 

Fever presses are in litth' favour, although they an*, not 
impracticable, and can easily be handh'd. 

Hydraulic ])ress(‘s for vulcanisation ar(‘ only to be found in 
the largxn- rubber worksfand even there they are mainly in use 
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for the production of heavy driving belts, etc. They consist in 
most cases substantially of two or more cast-iron plates which 
can be heated ))y steam ; the i^lates are up to 33 feet long and 
5 feet wide. The upper plate is carried by a double row of 
pillars, and there arc up to fifteen pillars in each row, each one 
of which is about 34 inches in diameter. The lower plates an^ 
movable by means of pistons, 11 inches in diameter, which are 
undef hydraulic pressure of at least 150 atmospheres (say 920 
lbs.). Articles which have been enlarged in these presses arc to 
be placed under a total pressure of more tlian ten thousand tons. 

On both ends of tlui [)ress is generally also a stretching 
apparatus to stretch the belts and straps to prevent an exten- 
sion in length when they are in practical employ. 

To obtain the lUicessary pn^ssurc for the presses two twin 
steam pumps are rtapiired. The huger one of these pum])s 
serves to bring the lowenal up|)er plate quickly in contact with 
the fixed plates, whereas the smaller pump creates through an 
accumulator the necessary pressure. Odie loweilng of the press 
plates follows the opening of a valve, which permits the water 
in the pistons to escape, when the plate sinks slowly. 

Prcisses generally servc‘ mostly for the vulcanisfition of flat 
goods of larger dimensions, for press plates, plates with metal 
insertions, mats and stair carpets, and espc'cially driving-belts 
and other articles, and this is (juite clear and in accordance 
with their construction. 

Owing to the high temperature to which the sulphured 
caoutchouc has to be exposed during the vulcanisation, the 
caoutchouc must first soften, and may consequently lose the 
given sha[)e before the vulcanisation has been effected, for which 
reason great many are [)laced in iron forms and moulds, and 
these find their way to the boiler and j)resses. This is specially 
the case with pump valves, buffers, thick rings, strips, cover- 
belts, driving-belts, billiard cushions, mats, bellows, and a large 
number of other articles. As has already been shown, tubing 
and hose are as a rule left on their [)uncheons dining the vul- 
canisation, and these metal tubes arc firmly covered with linen 
strips on* the outside, which are taken off afterwards. These 
strips cause the texture-like impression so often to be noticed 
on rubber tubes and also on sheets, and these marks an* often 
taken for a" texture cover by the unsuspicious layman who 
does not take tlye trouble to investigate the matter. To produce 
flat surfaces, paper is sometimes us(*u* instead of the finen 

K 



146 


RUBBER, GUTTA-PERCHA AND BALATA 


strips. Thin sheets and bottle rings and frames stamped or 
cut out of plates are wound on so-called drums, and textile in- 
sertions are alternately placed before they are brought to the 
boiler. Pressed tubes, hose, and cords are laid in open or 
closed rece])tacles with a plentiful supply of talc, when the 
vulcanisation will be fairly equally divided betw’een the 
numerous pieces. 

Gummed textures are nowadays also vulcanised in b#ilers, 
whereas it was formerly the rule to treat them only with a 
compound of bisulphide of carbon and chloride of sulphur. The 
latter method is still employed for fine woollen or silken 
material. 



Fiq. 15a.— Carpodinus hinceolata (see page 38). 



Vin. — Chemical and Physical Properties of 
the Vulcanised Soft Rubber. 

It is'iinpossible to ft}K'ak of “ (‘iKTiiically [>ure ” vulcanist'd 
caoutclioiic ill tho ^vay that tho tcTiii is applied to pure acids 
and oxides. Ea,w caoutchouc contains iiuiny diver^init 
eleiiK'uts, which hy mixing', and in the iiianiifacturing process, 
are changed, and even the most iieterogeneous suhstances can 
hi» varied hy tli(‘. intluence of tlu' vulcanisation ])rocess. Every 
sort and each individual piec(‘ of caoutchouc is from a cliemical 
point of view an original suhstanci*, varying from all other 
niatei’ials. Eo giv(^ a cliemical formula for tlu'se comhinations 
and compounds is for this i’(‘ason (piitc' imjiossihle, and science 
has ri'cognised the futility of fixing a standard. Tlie analysis 
of a single jiiece offers very great difficultii.'s, es})ecially as long 
as the vulcanisation and tlu' clHunical changes which it causes 
have lud yet heen fully investigated and fixed. 

ynantitativc^ analysis only tells us the quantity of ])ure 
ruhher |m‘sent, and it discloses neitiu'r the nature' nor tlu*. 
origin of' the raw mah'i’ial which has primai'ily heen employi'd. 
As these are mainly responsihle for th(‘ quality of the material, 
it is clear that a clearer chemiiail analysis must he of the. 
greatest value in this direction, hut ])res('nt knowledge is very 
limitc^l. • 

Even the specific wa'ight docs not give a sufficient clue, as so 
many ashwune, and thetx'lii'f that this is a qualitative measure 
of the excellence of the vulcanisi'd caoutchouc cannot he enter- 
tained ; it is not always that with the lightc'r specific weight 
which is the hetter quality. It is a nearly universal assump- 
tion that vulcanised ruhher with a specific weight of 1.0 or less, 
which floats on water, is a superior quality. Nothing is more 
erroneous. Kaw’ caoutchouc of the best or most inferior 
quality, the most ex^pensivc flue Tara and the clK'api'st West 
African, has an average specific weiglit of 0.925. These natur- 
ally float on waiter, and if the floating is a sign of quality these 
sorts must be of equal value. 

Not even the quantity of foreign substances can be fixed#by 
specific weight ; some of these are of lighter specific 
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weight than raw caoutchouc, and otliers, as for instance 
magnesium, expand during the vulcanisation and at the same 
time reduce their specific weight. The only standards for the 
absolute quality of vulcanised rubber are the nature and origin 
of the raw caoutchouc employed. The relative quality, i.e., 
with regard to use for particular purposes, depends on the right 
selection and the proper proportion of the mixture. Berts with 
a high specific weight may he superior in quality to light'goods, 
and thus may he mon^ useful for tlieir purpose. Manufactured 
goods of a specilic weight of less than 1.0 are comparatively 
rare, and unh'ss they are made light liy artificial means they 
are iKwer under ().% and 0.95. The specific weight rises on the 
other hand to about ‘2.0, and even higher, and some of these 
(jualities have proved to be the most suitable in use. The 
sfiecihc weight is therefore no criterion to judge by whether 
tlu‘, product is the best for the purpose, especially as the 
mixing of certain heavy substances freipumtly causes the 
articles to become more suitable for their particular juirposes. 

Vulcanis(.‘d caoutchouc has a p('culiar, very characteristic 
smell, which is not easy to di'scribe, but it may be taken as 
suftieieiitly well known, although it can hi' found in numerous 
variations. The smell is on the one hand influenced by the 
nature of the raw caoutchouc, and on the other hand by the 
additions of suljihur, bisulphide of carbon, chl()rid(' of suljihur, 
and also benzin and other solvents, ddie snuT develops K'ss 
in a low temperature than in a, higher, and it becomes particu- 
larly strong when about 100® T. have i)een reached. The 
endeavour has be(‘n made to remove tlu' smell frem vuleimisi'd 
rubber, but nobody has yet obtained a lasting result. ddi(‘ best 
deodorising agent hitherto found is finely ])owdered bone char- 
coal, hut the result is not lasting, and as soon as the charcoal 
is removed the smell bniaks out afrc'sh. Treatment with ether 
oils proved equally a failure, as the oils soon volatilised. 

The colour of vulcanised rubber, consisting only of caout- 
chouc and sulphur, is light grey. Piu'c Tara and other related 
qualities show sometimes, but not always, the brown and charac- 
teristic Para spots. Mineral and other additions, not to speak 
of colouring material, make the vulcanised caoutchouc white, 
yellowish, or more or less dark grey and black. 

The porosity of the vulcanised rubber is much less than that 
of, natural caoutchouc. Equal quantities weve put for testing 
purposes in water, and the raw caoutchouc absorbed 0.20, rubber 
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mixed with sulphur absorbed O.OGl, and vnleanisoi rubber 
0.012 parts of water. Compared with this result, it is sur- 
prising to find that air and gases go under the same pressure, 
tlirougb equally de(‘p walls of raw caoutchouc, mixed, and vul- 
canised rul)b(‘r, and that the material absorbs equal quantities 
in the same period of time. 

Tests have shown that (Mjual quantities have dilTused tbrougli 
a thin caoutcbouc shed as follows : — 


Nitrogen 

1 ,0(){) tinr 

Carbon monoxide 

1,100 ,, 

Air .... 

1,119 „ 

iMai-sh gas 

2,118 ,, 

Oxygen 

2,256 

Hydrogi'ii 

5,500 

Carbonic acid 

. 13,585 ,, 


The power of self-adlu'sion , one of the most characteristic 
[)roperties of raw caoutchouc, disajipears in tlie vulcanised rub- 
ber, and this peculiarity is lost to such an (jxtent that it Ix^comes 
difficult to connect brmly two ])ieces of vulcanised rubber even 
when strong solutions and gluing materials ar(‘ employc'd. Of 
a spontaneous and struciive comu'ction, as was ])ossible before 
the vulcanisation, no trac(?s ar(‘ left. 

The foremost and most cbar'acteristic properly of vulcanised 
rubber is its elasticity, i.c., the [) 0 W('r to follow a pressure or a 
pull and as soon as this ceases spontaneously to return to its old 
form. It possesses this [iroperty to a much higher di'gree than 
unvulcanised raw caoutchouc. M. A. Steward, Emilio Villari, 
W. ^diomson, P. S. Tait and others have made interesting tests 
regarding the elasticity, and without much dilferencc they 
came ta the remarkable conclusion that all deformations \vhich 
vulcanised rul)ber may be subjected to do not decrease' its bulk. 
Py pressure from the to]> it expands at the sides in ('qual ])ro- 
portions as the height of the artick' dc'creases, and vice versd. 
A round cord strongly pulled los(‘s in its transverse diameter in 
equal proportions as the length expands. The contents of a 
hollow cylinder filled to the top with vulcanised rubber and 
under very strong, even hydraulic pressure by means of a 
stamping shaft, could not be seriously pressed down, and the 
volume of rpaterial could not be diminished. Vulcanised rubber 
acts towards pressure in a like way as w^ater. The French 
Chevyin de Fer du Nord has made such tests, and it wasJound 
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that thee total of the recorded reduction amounted to not more 
than 0.00009-295 of the total, and the pressure amounted to one 
kilo per square centimetre. 

Vulcanised rubber is like the raw product, and even in a still 
higher degree a very bad conductor of heat, and an excellent 
insulator of electricity. 

Unlike natural raw caoutchouc, which loses its softness and 
elasticity in a temp(‘ratiire under freezing-point, vulcanised 
rubber retains all its distinctive properties, however deep the 
mercury may sink. It l)ecomes inelastic when the thermo- 
meter is extraordinarily low, but even then pulling and press- 
ing soon gives it back its usual elasticity. If covered with cold 
water it is not directly influenced, and no change takes place ; 
on the contrary, cold water presei’V('s the rubber, and even 
stops the decomposition which nature has olluTwise decr{'ed 
foi‘ it. As long as the j)ieces of rubber wvc covered by boiling 
waiter, it has no infliumce, but if the ])iec('s ar(' only partly 
covered, and aftcu* these have been taki'U out, light and 
atmospheric air have a decomposing elTect ; the pieces soon 
liecome hard and britth' on tlu' surface, and the decay slowly 
(‘xtends to the interior. Ulazing sun -rays are the w'orst enemy 
of vulcanised rubber, es])ecially if th(‘ surface of the goods has 
Ix'en wet or moist. Simple dry heat, even with tiunperatures 
up to 120° F. and a litth' over, has no det(‘riorating infliienci'. 
rnder a ttunperatiire of 3()0° to 400° F. the laibbrn- begins to 
melt, it losi'S its elasticity altog(‘ther and becomes sticky. If 
the tempm-ature is still increas(Hl, the material soon liecomes a 
carbonised substamae Under th(‘ direct influence of steam at 
a temperature' of over thri'i' tempi'ratures it burns on''^accouilt of 
over vulcanisation, which (‘nds at last in a perfect carbonisation. 

The destructive influence of light and atmospheric 'air on 
vulcanised rubber wdien in a wet or moist condition has already 
l)een mentioned. TIk', same deteriorating causes arc at work, 
even if not to the same degree, on dry rubber, and are caused 
by light, es])ecially if wwking in conjunction with heat, as, for 
instance, direct sun-rays. The interesting observation has been 
made that a fine-cut shei't mixed with sulphur and exposed to 
the influence of light was partly vulcanised. This experiment 
show s the destructive influence light must have on rubber wdiich 
has already been vulcanised. The influence of atmospheric 
air is less grave than that of light, it makes itself known by 
a slow;, process of oxidation, wiiich first attacks the surfa,ce of 
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the rubber, and slowly goes deeper and deeper, accQpapanied 
by molecular changes. Everything has been tried to stop the 
influence of oxidation. Additions of coal tar have sometimes 
proved successful, but these results were not always to be 
obtained. The causes of the oxidation are probably not yet 
known, possibly it is the result of continued vulcanisation, and 
the effect is inlluenc{'d by the superfluous quantities of sulphur. 
The solv(‘nts, bisulphide of carbon, benzin, petroleum ether, 
turpentine and others, which dissolve raw unvidcanised caout- 
chouc j)erfectly, have less effect on vulcanised rubber. They 
dissolve it only to a small extent, but they swell it up enor- 
mously, often to ten times the volume of its original bulk. 
Fatty oils have a similar eff‘(‘ct, and also alcohol. If vulcanised 
faibber is subjected for longer periods to the influence, it turns 
to a plastic mass, which easily oxidises in the oy)en air. 

The vulcanised rubber is not easily influ(uic('d, and resists 
the eih'ct of alkalies and acids. Salt, soda, potash have no 
effect, just as little is it influenced by tartaric, hydrochloric, 
and acetic acids, more so by sulphuric and intro-muriatic acids, 
but even tli(‘S(‘ ai’c off(‘red much resistance, which depends on 
th(' quality of the mat(‘rial ; pure Fara with fe^v additions can 
long withstand all these influences. This qualitative property 
lias rna.de caoutchouc long an indispensable material for 
chemical factories, which use it foi* lining and connecting of 
tanks and otlu'r vess(ds. 

To produce rubber goods rationally it is necessary to know 
the uses the different articles are iiit(‘nd(‘d for, and what pur- 
poses they will have to serve. It is necessary to have this 
kiuAvh'dge* as a basis for calculating the effects tlu'se uses 
would have on th(‘ matei-ials employed, and practical experience 
and tlfr'. principh's of science .are nec('ssary to form a proper 
judgment. flTdy with this fuller knowledge will it be possible 
to make a propca; choice of the rubber qualities to be used, 
several of which can pT'obably be compounded ; it is further- 
!nore of influence by fixing the nature and quantitii's of the 
mixing mabadals, the degree' of vulcanisation, and the finish- 
ing of the goods. The required softness, toughness, hardness 
and elasticity cannot be obtained without this study, and these 
influence to a high degree the resistance towards heat and cold, 
gas, stean\, oil, acids, and electricity. The use of the inferior 
raw caoutchouc is reprehensible where it is not suited to the 
requy-ements^f the quality and the application of the goods, 



152 


RUBBER, GUTTA-PERCHA AND BALATA 


it is eqv»ally objectionable to mix caoutchouc with unsuitable 
foreign substances which have not been chosen with the proper 
end in view, only because the price of the material is cheaper. 
It is regrettable that the purchase of goods and, through this, 
their production, is mostly only guided by a desire to obtain 
tlu'in as cheaply as possible, regardless of the old axiom that a 
low price ncc(?ssitates an inferior quality, especially as the look 
of the goods does not in this case represent or indicate their 
intrinsic value. The principle of asking for tenders for con- 
tracts is theoretically quite sound, hut in practice it has 
l)rought about the production of the worst kinds of goods. It 
has been proved that the American pays TOO pcT cent, more for 
rubber goods for his own use than the Geiinan ; the Kussian 
pays 50 to 00, and the Englishman, on the average', 30 to 40 
per cent, more, and it is sure that all these fare much better 
ill the' course of time than the German. The consumer of 
rubber goods can only be recommended to purchase his goods 
from trusted and n'cognised sources, from manufacturi'rs who 
understand their business ; they know the materials and their 
proper application, and in cas(^ of doubt it is well to leave tlu'. 
choice in their hands, even at the risk of having to jiay a seem- 
ingly high price. The result will benefit the purchaser and 
bring credit to the manufacturc'r, wheri'as a momentary saving 
ends always in disa|)pointment and loss of money and time. 

The best storing-room for vulcanised ruliber is a dark, cool, 
well-ventilated chamber, liasement or cellar, where' not too large 
(]uantiti('S can be })iled up. Still better, it is conserved under 
cold water in lightless chambers, where the deteriorating in- 
duence of the atmospheric air is hindered. But the very best 
way of keeping rublier goods is, ordinary wear and tear being 
tak'en into consideration, every-day use. Pump valves,” which 
have been two or threi' years under water, have been found, 
wIk'ii tak('n out, in excellent condition, whereas reserve valves 
^\'hich had been sent at the same', time, and were kei)t in a 
storeroom, had much deteriorated. Made of the same material 
and at the same time, they lost much in elasticity, and some- 
times they were proved to be absolutely useless. 



IX.— -Hard Rubber (Ebonite). 

The first hard rubber was manufactured by the American 
Goodyear, and be must be considered as the inventor. Others 
have since taken a lively interest in the product, and have 
followed up the ways of making the material. Improved manu- 
facturing methods were invented, and owing to the great 
value the rubber industry at once detected in the product, 
means were found to improve the quality. 

On the w^hole, the production of hard rubber rests on the 
same principles as the manufacture of vulcanised rubber. The 
raw caoutchouc is washed, drital, kneaded, and mixed with other 
caoutchouc qualities and suitable filling materials. The addition 
of sulphur amounts sometimes to about 60 per cent. It must 
not be forgotten that the larger or smaller quantities of sulphur 
added to the caoutchouc influences the hardness of the pro- 
ducts ; the use of larger or smaller quantities of sulphur results 
in greater or diminished hardness. But the sulphur causes 
brittleness, and when more than 50 per cent, of sulphur has 
been mixed with caoutchouc, the product breaks like glass if 
only slightly bent. Besides sulphur, which is sometimes sup- 
planted by a sulphide, the material entering the mixing 
rolling-mili receives additions of chalk, zinc-white, magnesium, 
resins, antimony of sulphur, sulphuret of mercury, and other 
sub*stances in proportion to the required elasticity, hardness, or 
flexibility, and also colour, and these are obtained b}" the proper 
mixing of the material. These preparatory operations must 
be much more carefully conducted than the pi'oduction of soft 
rubber. Should air bubbles be caused by enclost.'d small quan- 
tities of water, which evaporates during the manufacturing 
l^rocess owing to the high temperature, the material becomes 
porous, and under some circumstances it is quite useless. 

The .production of individual articles out of hard rubber is 
nearly the same as described for soft rubber goods ; the pre- 
pared raw material is drawn into sheets of different dimensions, 
and the articles are formed out of these as desired. Insertions 
or fillings of tissue made of vegetable substances and metal arc 
seldom emplct^ed, there is only occasionally need for them ; the 
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nature the material excludes their use, and their presence 
could only cause annoyance during the further procedure. 
The vulcanisation generally takes place in metal frames or 
moulds. Tubes are wrapped in cloth, and these are vulcanised 
on their puncheons, as has been described in the soft rubber 
production. The vulcanising boilers and presses are the same 
as for soft materials, but the required heat for hard rubber- 
goods production is much higher than before described, and 
reaches occasionally to 330° F. For very good reason the 
process is generally started with a lower temperature, about 
1250°, which is slowly increased to about 300°, 320°, and even 
330°, as already stated. The time needed for the vulcanisation 
or manufacture of the hard rubber depends largely on the com- 
position of the material and the size of the different articles.' 
It may be 6 to 8, and 8 to 10, and even 10 to 12 hours. 

The physical and chemical [)ropertics of hard rubber are 
difl'erent from those of vulcanised raw caoutchouc, and give 
liardly a reminder of the original material. Hard rubber is 
black, quite inodorous, like horn and hard wood, and not unlike 
ivory. It is absolutely impervious to electricity, but under 
strong friction, or wdien rubbed, it becomes strongly electric. 
Cold water, light, and atmospheric air effect no change in it, 
and it does not oxidise. Put into boiling w\ater, it becomes 
smooth and can be bent. Solvents wdiicb dissolve the natural 
raw" caoutchouc, and partly dissolve vulcanised soft rubber, have 
no influence at all on it, and the material offers the strongest 
resistance to all kinds of acids. If it is exposed for a longer 
period to a dry temperature of about 100° F. , it does not become 
first sticky and then melt, as happens under the circumstances 
to raw' caoutchouc and vulcanisc'd rubber ; it carbonises at once, 
and goes through no intermediate stage. 

The material can be w'orked on a lathe, with a saw', a plane, 
a cutting-machine, or a rasp, and it is easy to polish. This 
makes it not only useful for technical purposes, but has brought 
it into the household , and in the fancy-goods trade hard rubber 
goods are much appreciated and largely produced. It is now" 
preferred to horn in the manufacture of combs, as it hqs not a 
fibre-like structure, and large quantities are used for this pur- 
])ose. A large number of other articles arc manufactured 
from it, such as knife handles, buttons, rulers, drawing rules, 
instruments for draughtsmen, bottle and glass saucers, match- 
boxes f penholders, bracelets, chains and similar jewaUery, 
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ornaments and trinkets, besides imitation jet ; and sc/metimes, 
when it receives an exceptionally fine polish, it is used to 
imitate onyx. Many of these articles come out of the moulds 
with a dull, dead colour, and the pieces need a good polishing, 
to which the material is very amenable. The polishing is 
either done on the lathe or by means of polishing discs of cloth 
or felt, and sometimes other means have to be era[)loyed. The 
poli^shing increasi's the cost of production immensel)", and 
many inventors have tried to find other means for achieving 
the same result. Many of the improvements, if they do not 
make the polishing superfluous, have at least brought tlu' 
methods so far as to render the work much easier. The use of 
forms or moulds of glass, or lining the iron moulds with a layer 
of tinfoil, has proved to be very sueca'ssful. 

Articles made of hard rubber for technical use require as a 
rule no polishing, but plates and sticks for electrical purposes, 
not to mention a few other articles, arc an excejdion to the 
rule. In most cases it is only necessary to remove the seams of 
tlie moulds and possibly a dull polish is given. Hard ru])b(‘r is 
also us(m 1 for photographers’ devedoping tanks, powdei’ spoons, 
scoops and scab's for cln'inists and laboratories, tubes and pipes, 
cocks, and whob' hand and stc'am |)nm))s, as lining and packing 
of centrifugal kettk's and other vessels for adds, and also as 
coverings for certain steamship machinery [)arts, to make them 
impc'rvious to sea water, and many other purposes. For elec- 
trical ])urposes hard iMd)ber is (juite indispensable ; it is used for 
discs of electrical machines, insulation caps, and insulation 
hib('S for el('ctrical conduction, and especially for cases for 
accumulators. 

It is lU'cessary for certain purj)oses to manufacture a hard 
rubbei’*which has a gnaiter elasticity than the ordinary material, 
and often a greater flexibility is also recjuinal. The product 
which has been brought out to meet these requirements is 
called a half (semi) hard rul)ber, and the designation gives the 
clue to the juoduction of the article. In its composition there 
is more suljduir than in soft rubber, but not so much as in hard 
rubber, and the cpm pounded mass is exposed to a higher tem- 
perature and for a longer piuaod than is suitable for soft rubber 
goods, but again it must not be heated too long to risk it coming 
out as firiw as hard rubber. The proportion of the nt'cded 
modifications depend on the required hardness, elasticity, and 
flexibility, arftf also how the material Jias been mixed.# 
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Many Urticles of the rubber-goods industry need a combina- 
tion of hard and soft rubber, between soft and semi-hard, semi- 
hard and hard, or even between the three kinds. These com- 
binations are required for the lining of acid vats, the production 
of cylinder covers, especially for those of larger dimensions, 
and also for paper production in leather factories, and for 
finishing and dressing of cloth, besides for many other pur- 
poses. How these combinations have to be made is a question 
which can only be solved correctly and adequately by the most 
careful study of the requiremtnits, the closest supervision of 
the workmen, and the most careful choice of the quality of raw 
caoutchouc and the additional sulistances; finally, many years 
of experience in vulcanising are needed, as this process is the 
most difficult problem in the manufacture of rubber goods. 




X. — Recovered Rubber and Substitutes for 
Indiarubber. 


The large consumption of vulcanised rubber leads to an enor- 
mous accumulation of old rubber, and to this must be added the 
waste when goods are cut or stamped out of sheets and plates, 
and also the pieces which for one or other reason, as for 
instance, cutting of wrong diimmsions or faulty production, 
cannot be usefully employed. The high price for raw material 
has for this reason placed before tlu^. manufacturer and chemist 
the problem how this old mat(M*ial (‘an be made useful in further 
employment in the rubber-goods industry. Soon after Good- 
year’s momentous invention of vulcanisation, about the* middle 
of last century, a few Americans ituide tlu' tirst expei’iment in 
this direction, and English, French, and German chemists soon 
fo]low(Ml enthusiastically in the sanu' fudd. I'he ideal solution 
would b(i doubth'ss to extract by a cluunical [)rocess from the 
used and vulcanised rubber goods and virgin caoutchouc. All 
endeavours and trials in this direction have proved futile. It 
was not found possible to undo vulcanisation altogether, and it 
is doubtful if the endeavour will succeed in future, because the 
sulphur forms a chemical compound with the rubber and can- 
iii)t be •('xtraet(‘d without destroying the (‘aoutehouc. The 
method of devulcanisation must therefore be concentrated on 
the yoint of extraciting from vulcarnsed goods the superfluous 
sulphur which has not entered into a chemical combination 
with the caoutchouc. Ways and means have been found in 
this direction to use the old material, if not independently, at 
least as an addition to raw caoutchouc. To obtain cheaper 
(|ualities which serve many purposes the reclaimed material is 
of excellent service, and its rational use must be permitted for 
economical reafions. Under certain circumstances, moreover, 
it allows a (k'sired elTect to be ]iroduced which could not other- 
wise be so easily obtained. The material should always be 
employed wdth discretion, especially if the manufacturer uses 
regenerate^r Libber wdiich is not reclaimed in his own factory. 
In* this case he cannot tell wdiat kiiid of raw rubber lias been 
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employed” and how the material has been used during its 
manufacture. It is possible even that the goods were already 
partly of regenerated rubber, and it would be impossible to tell 
- what proportion of this had been used. 

It is not the intention to give here a historical survey of the 
development of regenerated rubber and its devulcanisation, but 
it must be pointed out as already mentioned, that in the middle 
of last century Mr. Hiram Ij. Hill, of the Beverly Bubber- 
works in Massacluisc'tts, patenhal the first reclaiming process, 
and the patent has been followed by numerous other ones. 

Two methods of reclaiming rubber out of vulcanised goods 
for re-employment are recognised — one mechanical and the 
other chemical. 

In the mechanical process the rubber is ground to fine 
powd('r, and by means of magnetic dividers all iron is extracted, 
and lighter ingreditmts, such as fibrous and vegetable com- 
ponents from lining materials — cotton, hem}), jute, etc. — are 
blown out with a special a]iparatus. Sometimes the }')owder is 
i'xposed to a high temperature to extract the imcoin}iounded, 
sulj)hur, but in most cases the latter procedure is not adopted, 
and the material goc's direct to the mixing-mills. Of much 
greater interest is chemical reclaiming. This is based on the 
removal of the sulpinir by means of an alkali wliicli is after- 
wards washed out. An addition of oil, paraffin, or naphtha, 
kneading and w'arming it up to to 30(H F., makes the 
mass equally cohesive and })lastic, and it can be rolled out on 
the calender like iinvulcanised rubber. Sometimes virgin 
caoutchouc scra|is are added at this stage. The main, point gs 
in the regaining of the })lastic })roperties ; the more perfect the 
success is in this direction, the better is the reclaimed rqbber 
for fresh vulcanisation. The qualitative excellence depends 
certainly on the original quality of the caoutchouc, and good 
original material is sure to su|^]:)ly a relatively good reclaimed 
rubber. It must also be mentioned that reclaimed rid)bor 
from old rubber shoes is particularly excellent for certain ])ur- 
pcses. Bussia, which has the largest sale of rubber shoes 
in Europe, supplies for this reason large (juantities of old 
material to English, French, and German manufacturers. 

The high price of raw caoutchouc, which led to the endeavour 
io reclaim old rubber for re-use, also led to the attempt to pro- 
vide an artificial material as a substitute for caout(;liouc, whose 
properties would be as much as possible identical with those of 
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the genuine article. The one question is as old as the other, 
and both have been long before the chemists. France has con- 
tributed much to the solution of the problem, and from this 
country came the first substitute for raw caoutchouc put on the 
market. From its French origin the material has been univei-- 
sally named “ factice,” and all other surrogates made with 
vegetable oils, linseed oil, rape-seed oil, cotton-seed oil, etc., 
are called by the same name. To ]u-oduce factice the oil under- 
goes an oxidation process, afterwards it is heated, mixed with 
sul])hur and cooled, when it becomes a brittle powder, whicli 
is added to the caoutchouc mixture immediately before use. 

The use of factice does not, on the whole, contribute to an 
imjR’ovement in the quality of vidcanised caoutchouc, but in 
many mixtures and for several kinds of raw caoutchouc it ])rc- 
serves the siil)stances, and in llu'se cases it can be employed 
with advantage. To enter into greater detail on this subject 
is outsid('. the s])h(U*(‘ of this book, whi<*h, as has already been 
statc'd, is not inteiuhal to be a guide to manufacturers. The 
material owc’s its original introduction into the production of 
rubb('r-goods to the sensel(.*ss desire foi* claaip goods and the out- 
cry for low ])rices. Conscicuitious inanufacturc'rs for a long 
time decliiK'd to adopt the substitute* for ordinary use, and in 
many cases tlu^y are of the* same* opinion to-day, although the}^ 
have been forced to make* use* of the juoduct for several juir- 
poses, only because conq)etition has forced them to do so. This 
is very deplorable, luit the circumstances cannot l)e altc'nal 
until the public has learned not to judge ordy according to the 
quoted prkes but also to consider the quality. To recognise a 
good and l)ad rubber quality in linished goods is not an easy 
task, i^nd much should be left dejiendent on the reliability and 
the trustworthiness of the product'!*, whose inh'rest it is to 
supply the purchaser with the bt'st goods. 
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GUTTA-PERCHA. 


I.— Introduction — Historical. 

CAOUTCHOdc in the niannfaclurcMl state is often called gutta- 
percha, and the public seldom make a, distinction. They treat 
the terms as idimtical, mistaking one substance for the other. 
But even technical mcm liave fallen into this trap when placing 
orders, causing gn'at confusion and many serious misunder- 
standings, as all manufactun.'rs in our trade arc only too well 
aware. This has been caused by the great expectations raised 
by gutta-percha when it first became known, which liave not 
been fulfilled, and also because the two mateiaals have some 
similarities in origin, collection, and manufacture. Gutta- 
percha, however, has not tlu' elasticity of rub!)er and cannot 
withstand changing te!n[)eratures to the same extent. Gutta- 
percha lias, on the other hand, some advantages, of which its 
greater density is the most pi’omiiumt. 

John Tradescant, the IGiglisb naturalist and traveller, at 
one time head-gardener to Charles I., first brought gutta-jicrcha 
to Eurojie in 1050, and called it “ Mazer wood.” The sample 
caused many curious inquiries, and it is reported that it is still 
to be seen* in the Tradescant Museum in Bouth Lambeth, 
London. Nobody took a serious interest in the sample, and 
as for tjie use of the material, nobody gave it a thought. Even 
at the beginning of the nineteenth century no further know- 
ledge of the subject Jiad been acapiired, and as the scientists 
and manufacturers carefully inquired into the use of caout- 
chouc, gutta-percha was spoken of as an inferior matiu’ial, a 
cheap, inelastic, and little flexible substance which could not 
compete with a Brazilian or East Indian caoutchouc. The 
drawbacks alone (If the product were recognised, of its advan- 
tages no one hJd the faintest idea. 

In 1832 the English medical resident at Singapore, William 
Montgomery, heard of a curious kind of caoutchouc which the 
natives used fp; making the handles of tools, and under^great 
difficulties he succeeded in learning a litfle more about the sub- 
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stance. He found that the material became soft in boiling 
water, and could be moulded, and that it was much tougher and 
harder alter this process than before. This information in- 
duced Montgomery to take the trouble to investigate the matter. 
He bought sonui samples and soon recognised their supcT'iority 
over caoutchouc for making surgical instruments, especially as 
the latter, made of caoutchouc, soon become sticky in the 
moist, hot climate of the inter-tropical zone. In 1813 he 
reported his researches to the jMedical Board at Calcutta. The 
contents of the letter announcing this are important ; it has 
been published in the Journal of the Agrinilhiral and Horti- 
cultural Society of India (vol. ii., 1843), and possesses great 
interest from a historical point of view, especially as it is the 
first published document referring to gutta-[)ercha. A full 
reproduction in these pages is for this reason permissible. Ho 
writes : — 


“ SiXGAi'oRE, ~\st March, 1813. 

Sir, — I have the honour to request that you will lay before 
the Medical Board the following short account and accom])any- 
ing specimens of a substance calhal by tin? Malays gutta-tuban 
or gutta-percha. 

“It is the production of a large forest trc'o indigenous to 
Singapore and the neighbouring countries, and is procured by 
cutting through the bark, when a milky juice exudes. 1 am 
informed that the produce from one cut is not very abundant, 
and ceases to flow after a time, l)ut that the tree continues to 
give it forth after being again cut into for the purpose. 

“ Boon after the juice is collected, great part of it coagu- 
lates into a substance which continu(‘S white if excluded from 
air and light. When dried in thin layers exposed to tlie atmo- 
sphere, it very much nisembles scraps of leather. It a])pears, 
from some very imperfect experiments, to rcsend)le caoutchouc 
in its chemical properties, but is much less elastic. It, how- 
ever, possesses some qualities which, I think, will render it a 
valuable substitute for caoutchouc in the manufacture of 
bougies and catheters. Instruments made of the latter sub- 
stance invariably get spoilt when kept for any length of time 
in a hot, moist climate, and I believe that this is in a great 
measure the consequence of its being necessary tu use some of 
the essential oils or naphtha as solvents for dhe caoutchouc ; 
but this is quite unnecessary in the manufacture of insti^aments 
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of gutta-percha, it being only necessary to plunge the piece of 
gutta of the proper size into water heated above 100° of Fahren- 
heit, when it becomes quite plastic, and may be readily mouldefl 
into any required shape and rolled quite smooth between two 
oven surfaces ; it retains the form when cold, and is more rigid 
and harder than iiidiarubber at any temperature below 110° of 
Fahrenheit ; it possesses also the valuable ]wo])erty of frag- 
ments of it being perfectly united when dipped in water heated 
near the boiling-i)oint. 

“ It, however, more readily than caouic'houc, receives marks 
and dents from pressure in contact with rough, hard surfaces, 
and such collision must be avoided. 1 am of o])inion that 
bougies formed of gutta-])ercha will be* found very serviceable 
in cases of deep-seated strictures, whim it may be required to 
have the body of the instrument hrin and rigid ; as one of the 
full size may be used by mcj’i'ly dipf)ing thi' ])oint into hot 
water, and an inch or so may hv moulded lietweim the lingers 
and thumb to any reipiired size and rolled smooth on the tal)le 
with a papiu'-folder or anything of the kind, and in thi' course 
of a few’ minutes it will be fit for use. From its being plastic 
and readily uniled, it will also be found serviceable in the 
formation of catheters or canules. 

“ I have not been able as yd. to get thi' flowi'i* or fruit of the 
tiT'o ])ro(lucing this gutta. d'hi*. situation from whence the 
s|)ecimens 1 have obtained were produced is the forest about 
six miles from the town of Singapiu'e, at a place much infested 
by tigers, and to which it is necessary to proceed on foot, so it 
woulik be a Venture of some risk to proceed to the spot but I 
have olTered a reward for specimens of the flower and fruit of 
the tree,iind am in hopes of bdng able, to procure some ere long. 

“ I am informed that the fruit is as large as a jiigeon’s I'gg, 
and produces a concrete edible oil, so in all probability it is not 
one of the figs. 

“ Herewith I have the honour to transmit some of the 
articles — three bougies, which T have attempted to make l)y 
simply rolling the gutta on a common table undi'r the hand and 
afterwards with an* ivory [laper cutter; they are, of course, 
very imperfect spVcimens, but suflicient to show’ what, under 
skilful manipulation, may be made of it. I also send the handle 
of a chopper made by the Malays, for which purpose the gutta 
is preferred evep to liorn. I have the honour to l)e, etc., ^ 

* “ W. Montuohkev* Senior Surgeon/' 
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Montgomery at the same time asked his fri('nd Dr. Jose 
D’Almeida to acquaint the Royal Society of Arts in Tjondon 
with tlie facts. He was awarded the gold medal of the Society. 

To make commercial experiments D' Almeida lianded small 
quantities of the so-called caoutchouc to English manufacturers 
who at once started making trial of thi'in. 

The first patent for the working of gutta-percha was granted 
to R. A. ]3rooman on March 11th, J815, the second Eaiglish 
patent was granted on danuary Tith, 1816, and the third on 
February 10th, 1847 ; the latt(‘r tw(j were granted to Charles 
Hancock. 

Gutta-percha was first introduced into France in 1840. 
Lagrenee, whom some busiiu'ss had brought to China in 18A5, 
procured a (piantity of gutla-pt'rcha at Singapore on his return 
journey and made a present of it to the Fi’onch Minister for 
Commerce. The following year the first aj)])lication for patents 
for gutta-percha goods was a[)plied for by Alexandre, Cabriol 
and Duclos. 

The gatta-])ercha has tlius found its firm foothold in the 
industry. Looking back, it is remarkable that the origin of 
the gutta-percha from a botanical point of view had not ri'ceived 
more attention and nanained in the dark. It was Dr. Thomas 
Oxley, Montgomerv’s succ(‘ssor, who first gave a description 
of a tree which at that tinu' supplied gutta-pi'rcha ; it was the 
botanist, Sir William Hooker, who christeiual the tree Isoyian- 
(ha gntta. 

To report all the details of the progress of the young industry 
w’ould lead much too far; a few remarks must bet sufficient to 
explain Iiow gutta-percha gained its inthauitial position. The 
endeavour has been made to use gutta-[)ercha for ah articles 
made of caoutchouc, and the patents became so numerous that 
it is evident that there was a craze for the new material. Corks, 
glue, thread, boots, chirurgical articles, garments, tubes, plates 
for ships’ armour, even whole boats were made of it, and if a 
report of the Great Exhibition in London in 1851 (by Ballard) 
is studied, the immense enthusiasm for the material becomes 
clear. Of all the more or less sensible a'pplications* of gutta- 
percha only a few liave survived, and if It had not proved 
indispensable for certain purposes the manufacturers would 
soon have dropped the material. 

The characteristic properties of gutta-pcrcl\a are all against 
the uses it was theii^qmt to. The greatest difficulty lay in the 
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circunistaiieo that tlic material Ix'eame plastic wheif heated, 
and some tried to improve it by vulcanisation, hut the inllueiice 
of sul})hiir on ^utta-[)ercha dillVvrs from its eifect on caoutchoi^c. 
All expectations were destiiu'd to he shoi’t lived, and as Guilbal 
says in his report on th(^ 1876 J^^xhihition, the results obtained 
were a relative failure. The r(‘co<.>nition of its unique proper- 
ties, first considered as drawbacks, came just in time. If gutta- 
percjia had come on the market at the same tiim* as caoutchouc 
it would not have l)een given much consideration. Ikit the 
recognition was coincidental with the ris(3 of dynamic elec- 
tricity. It was soon found that gutta-[u'i'cha insulatc's and 
that it remains mudianged in salt or S('a water. Needless to 
say its use for covering and insulating teleg]'a2)h cables 
became at once apparent. The honour of producing the first 
gutta-perclia insulated tcdc'graph cable belongs to the German, 
Werner Siemens, who, in 1817, constructed tlui first line along 
the Anhalt railroads. The langlishman, Wheatstone, who, 
about 1837, conceived tlu' id(‘a of a tc'k'graph coniK'ction bt'- 
tweeu England and the Continent, had also his eye on gutta- 
jiercha for the ])roduction of sulimarine cables, but his ideas 
were only realised by Whiltc'r Erc'it, who, on the aOth of January, 
1819, laid the first two-mik's-long submarine calile. I'he Society 
of Arts took a giveat scientific int('rest in tlui new’ material sup- 
])licd to the industi'y. 'TIk' Journal of the Society contains in 
its issues for th(i earlier part of 185‘i many artich's referring to 
gutta-percha, amongst which are some by ITofessor Bleekrode, 
^Jr. iMurton, Mr. James Collins, and ^Ir. John Jackson. On 
‘ilth February, 1858, tlie Society nominated a committee to 
make some experijnents witli gutta-percha and to report from 
time to time. It ^yas infendtal to investigate' the' nature and 
cause of the coagulation, the didc're'iit qualities, the nu'thods 
of adulteration, and any other points of inte rest to the manu- 
facturer and the consumer, llie committee consisted of Prof. 
Edward Solly, Prof. John Jjindk'y, Sir William Siemens, Mr. 
Eatimer-Clark, and Mr. Edward Highton. To arrive at correct 
conclusions twa.mty-tive questions were drawm up at the first 
meeting referrin^i to the nature and origin of gutta-percha, its 
production and properties, and its cultivation. These ques- 
tions together with a memorandum were sent to all persons 
acquainted*^with the subject or from whom any information 
might be expected. Many points until then not cleared up 
found thus aTi explanation, but many ^thers have remained in 



16G 


RUBBER, GUTTA-rERCHA AND BALATA 


darkness^ up till now. The Committee met until January, 
ISGO, when it had become clear that the main value of the 
material was in its insulation properties for electric cables, 
and this point once recop[nised was considered of such import- 
ance that a Government Commission was nominated to inves- 
tigate thorouf^hly the insulation question ff)r tele^U’aph cables, 
in the meantime jj[utta-p(‘reha had also been used for producing 
other kinds of ^oods. The resistance of ^utta-piu’cha to jmids 
led to its employment for makinp^ receptacles, funnels, and 
tubes, to l)e used in chemical factories and photo^Ta})hic and 
other laboratories. Drivin^-lx.dts and ropes were mad(' of it, 
and it was found particularly useful for making strongly marked 
forms as required for ga I va no-plastic work. 

Although the em[)loyment of the juatc'rial in comparison witfi 
its first use soon becanu' restricti'd, and only found application 
for purposes which it was absolutely ('SS(mtial, the d('mand for 
the raw material incn'ased very much, and it was evident that 
th(^ sources of ju’oduction would soon b(‘. exhausted. It was, 
therefore, only a duty for th(' governments of civilised nations 
to investigate this state of affairs, the more so as the I\ralays and 
Papuas think more of an immediate gain than of the future, 
and they* neither tried to improve their collecting methods nor 
did they try to increase the annual production by improved cul- 
tivation, which at least would keep the quantity of raw material 
to its old figure. This important point will find further con- 
sideration later on, when a stahmumt of what has been done not 
only by private und(‘rtakings but also by the I'mgiish, German, 
and Dutch Governnumts, to avoid a total exhaustion of the 
gutta-percha sources, will be given. 

It was a furtlu'i* e])och-making moment in the history of 
gutta-percha and its ])roduction when in 1888 E. Jungfleisch 
made the discovery that pure gutta-percha could be extracted 
from all parts of the gutta-percha. su])plying plants, especially 
from the leaves and tlu* branches. B(‘sides Jungfleisch, who 
gave the first intimation of the possibility, Eigole, Serullas, 
and Obach, have contributed largely to the solution of this 
question. This point will be referred to furyicr in other parts 
of this book. 



II. — Natural History. 

Much has been written about the name gutta-percha (also 
gutta-pertcha, gutta-tubau or tabau, gcuitiana gum; Ijatin : 
gummi plasticmn) , and it was energetically debated whether 
gutta-percha or gutta-tuban or taban was correct. The word 
guttet (Malayan guctnh or guciitta) means, according to Ser- 
ullas, the same as caoutchouc; but this writtu- asserts that tl)(‘ 
words pertcha or perfia cannot be translated. Sumatra is in 
iMalayan Perna, meaning a world or inhabited continent, 
whereas pertcha means a piece or a sera]) ; consequently the 
latter word is very characteristic, as the caoutchouc looks like 
scraps before it is treated in hot watiu*. The word does not 
belong to the vulgar Malayan language, for which reason it 
cannot have been first applied by the natives, but by the 
traders. The usage of language has, in England, France, and 
(lermany, rightly or wrongly, fixed on the term gutta-percha, 
and it remains only to be considered if it is advisable to give 
the chemically pure material another name than the raw pro- 
duct. Gutta-percha is in its natural origin and composition a 
vegetable product much like caoutchouc. It is produced from 
the latex of trees and is equally a hydro-carbon, consisting of 
equal parts of carbon and hydrogen. But here the analogy 
ceases, and it is astounding how products with so many vary- 
ing properties (‘onld for so long be considered as one and the 
same substance. Morellet has (‘xplained the heterogeneous- 
ness. of b(\th substances in several of his books which have 
already been mentioned. He says : “ Caoutchouc is primarily 
an elastic body, i.c., a substance which has naturally only little 
capability to remain in a form which the influence of mechani- 
cal power has given it ; but gutta-percha can retain the form 
into which it has been pressed. The natural and unvulcanised 
caoutchouc remains soft and becomes more flt‘xible under the 
influence of heat, it also remains elastic as long as the heat is 
not too great and takes from it its physical and chemical nature 
and properties. But gutta-percha becomes flexible and can be 
kneaded when ^submitted to a carefully applied temperature 
of 212° F. or in boiling water, and when it becomes cool it 
retains thetorm which it has thus acquired.” 

The two main properties can already be gathered from the 
Latiit names of the two substances, gm^jni elasticum for^aout- 
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chouc arid gummi plasticum for gutta-percha. Morellet con- 
tinues : “ Caoutchouc loses under the simultaneous influence of 
air, heat, and time the before-mentioned characteristics, and 
becomes a sticky, tough, and more or less fluid substance, 
Avhereas gutta-percha becomes brittle and resinous under the 
same conditions. These changes require more or less time 
according to circumstances. Water and low temperature 
delay the changes of both products. The hitherto collected 
observations show the greatest dissimilarity between the two 
substances just in these properties.” 

A further important dilTerence is shown when both materials 
are brought under the influence of sulphur. Whem caoutchouc 
and sulphur are compounded, a chemical combination is cflectcd 
by the vulcanisation, and without much trouble an elastic 
material is obtained which retains its properties under changing 
temperatures as long as these do not go beyond 300^ F. A 
chemical combination of gutta-percha and sulphur is altogether 
out of the question, even a compound of caoutchouc, gutta- 
percha, and sulphur, has, according to the quantity of gutta- 
percha it contains, a more or less negative result. The di- 
electric properties of both substances are not the same, another 
reason to differentiate' sharply between gum mi clasiicnvi and 
gummi plasticum. As will be seen later, the differences have 
their origin in the botanical nature of the plants producing the 
materijil and in the consequent difference of the latex. 

Before this point can be investigated it is necessary to fix the 
jiieaning of the words “gutta-percha.” Scientists, travellers, 
and manufacturers cannot give as much information on this 
l)oint as concerning the origin of caoutchouc. There is hardly 
a doubt that the first Para caoutchouc was the product of the 
Heveas, but the original supply of gutta-percha is shrouded in 
mystery, and it seems sometimes as if perversity would with- 
hold or willingly frustrah*. all elucidation. After forty W'ars of 
study and research about the doubtful point Dr. Beauvisage 
could, in 1881, only state : “ The Malays tried to make their 
forests produce as much material as possible which they could 
sell to Europeans as gutta-percha (naturally npt without having 
it adulterated), at the same time the Europgans undertook 
researches in other directions. The manufacturers, merchants, 
travellers, scientists, and governments looked out for 
the original supply of gutta-percha, and they searched not only 
the inter-tropical zone,^but looked also for other not yet dis- 
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covered Sapotaceas. This period of investigation has*not yet 
been concluded. A large nund)er of still imperfect discoveries 
have been made in all parts of the globe without arriving at thje 
expected practical result. Sciemtists have discovered trees in 
the Indian Archipelago, in Jndo-China, Hindustan, tropical 
Africa, Guiana, }h\azil, etc., which supply a latex containing 
a more or less good quality of gutta-j)ercha ; the physical and 
chenycal properties of these products have not yet been fixed. 
Any number of substances an'. olTered to manufacturers as 
gutta-percha. These products n'ach Iheir destination through 
the hands of civilised or native traders who know nothing of 
the geographical origin, or do not wish to disclose it. The 
variety of these [)roducts is so great that no standard of proper- 
ties could be fixed by which it could Ix', recognised on the dif- 
ferent markets. . . . Every endeavour to get a retrospective 
view of the trade proved futile. [Vo clear the matter another 
road must be chosen, and insh'ad of fixing the origin and jaro- 
])ertics of the product from its first sources, a backward journey 
from the latest points has to be taken. I have tried it, but did 
not succeed. Still, a result in this direction is not impossible. 
It will require long years of hard work and the co-operation of 
many disinterested aruJ enlightened men.” 

The difficulties of l^r. Beauvisage in have already been 
lessened, and we hav(^ to thank many others besides him ; and 
since the time of Montgomei'v, Lobb, Bentham, Hooker, 
Oxley Wight, Do Vriese, Biircke, Pierre, Seligmann-Lui, 
Jham de St. Paul, and Serullas, the discoveries have mainly 
been made liy Heekel, Schlagdenhaufen , Jungfleisch, and Tjco 
Jh’assc. The last named has chaired the air of many miscon- 
ceptions, and classified gutta-jicrcha in a quite remarkable 
article in the periodical La Linnirre Elcctriqiie, which made it 
almost possible to fix the botanical origin of the gutta plants. 
Owing to his many years of practical experience of the needs 
of production, he has also grasped the proper point from which 
these must be viewed. He makes this quite clear in saying : 
” Nobody has yet formulated the question properly. It is not 
a matter of a single good kind of gutta-percha with which we 
have to deal, buf with many good kinds, each of which is suit- 
able for a particular purpose.” In the course of the treatise ho 
shows the v^ay leading to enlightenment, and supplies a valu- 
able document in which the names of all the kinds are given. 
He es<tablisheS the fact that at the beginning of the subrAarine 
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cable inSiistry sufficient gutta-percha was to be had, and that 
only good qualities w’ere used, which could only have been pro- 
duced from fully grown trees. Continuing, he states : “ Even 
at that time several gutta qualities were already mixed, and this 
can easily be proved. Several factories have still in use their 
old apparati for cleaning gutta-percha, but these are inade- 
quate for cleaning the product of the Isonandra, especially if 
the quality has not been mixed with a more plastic mat"?rial. 
The good quality became more rare, inferior kinds were added, 
and, not quite to exhaust the good material, its use was 
restricted to the utmost, and it led to the tapping of young, 
hardly productive trees. Gutta-percha of the first quality was 
so rare, and its price had risen so high, that the ‘ Elektrizitaefs 
Kongress ’ of 1881 had to recommend a rational growing of 
gutta plants as absolutely imperative. Seligmann-Liii under- 
took researches on the cast coast of Sumatra and the west coast 
of the Malayan Peninsula ; Wray went to the west coast of 
Perak, and Burcke searched amongst all the gutta, plants of 
Sumatra. Serullas went with Seligmann-rjiii, and discovered, 
in 1871, in the ravine of Boukett-Timah, for the second time, 
the Isonandra Hooker. 

“ All this prospecting was in the same circle. Seligmami- 
liui and Burcke gave the Dichopsis ohl on gi folium as the best 
gutta pla.nt, to which Wray added the Dichopsis pnstidatnni, 
and Serullas found Dichopsis Gutta {Isonandra Gutta). It is i\ 
pity that all the researches were restricted to Malacca, but the 
produced gutta has not been of the best, and the Isonandra 
supplies only a weiy small quantity of latex. There mu^t be 
still other plants which su])ply a richer and superior gutta, and 
it was the desire of Leo Brasse to prove this. If the industry 
were in future only dependent on the Dichopsis or Palaquiuni 
Gutta, ohlongifoiiuni or pustulaturn , a chang(} of methods of 
production would be required, and the results would not be 
welcome. But if the hitherto supplied good qualities can be 
produced in time to come, it is to be hoped that the future sub- 
marine cables will not be inferior in durability to the present 
ones.” 

It is remarkable that the caoutchouc and the gutta-percha 
plants do not grow side by side ; the gutta-percha 
zone is, on the contrary, very restricted, and camtot compare 
with the caoutchouc zone. The latter is to be found from 30 
degree northern to 3(\ degrees southern latitude, in a girdle 
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round the globe; but the gutta-percha plants (putting "^aside an 
inferior or pseudo-quality found in India and at the Cape) are 
found only between the 6th degree northern to the 6th degre,e 
southern latitude, and from the 99th to the 119th degree eastern 
longitude. The territory includes thus 1*2 latitudinal and 20 
longitudinal degrees, or a total area of 1,114,000 square miles ; 
but only 40 per cent, of this is land, mainly on the southern part 
of thp ^Talaccean Peninsula, about two-thirds of Sumatra, the 
whole of Borneo, the Biouw and the Lingga Archipelagos, and 
the Banka and Billitan Islands, mostly British and Dutch 
colonial possessions. 

The gutta-percha trees on the closely situated Java, Celebes, 
and Philippine Islands, cannot be counted as belonging to the 
native flora. This may seem very strange to the observer, but 
geological conditions explain the reason. It is believed that 
Sumatra, Java, and Borneo wer(‘ in foi’iner times directly con- 
nected with the Asiatic continent, and that they separated only 
after many centuries owing to geological convulsions which 
submerged parts of the land and divided the whole in parts. 
It has been ascertained that a submarine earth formation exists 
on the coasts of Sumatra and Java, which at a very great 
depth diminishes, entering the Javanese' Sea through the 
Straits of Bali. It divides also Celebes from Borneo, passes 
Borneo, and passes then towards the Snlu Islands and a part 
of the Philipiunes. This earth formation formed a division 
for the vegetable and animal world. On the oceanic side neither 
sugar-j)alms nor teak trees, lu'itht'r ferns nor orchids and 
mosses, wlpch flourish in Indo-Malaya, ai’e to b(‘ found; the 
tiger and many birds which have their homes in the woods of 
Borneo, Java, and Sumatra are also strangers. The same may 
be said of genuine gutta-percha plants. 

The districts on both sides of the submerged territories belong 
in a word to different biological worlds. The attached map, 
little altered from that which Seligmami-Lui published in 
1883, in the Annalcs Tclegraphiqiics, gives the districts in a 
demarcation line. A glance at the map may seem to disprove 
the previous statements, as Java is included in the demarcation , 
and gutta-perclvi trees cannot be found on the island. The 
same is true of a part of the Philippines. Geological investi- 
gation oilers an explanation, at least a very acceptable hypo- 
thesis. Obach says : — 

“ After the* Malayan fauna and flora ,Jiad been existing for a 
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time on‘^the Asiatic continent, and probably during the latter 
Miocene period, first the Philippines and afterwards Java were 
separated from the continent, when Borneo, Sumatra, and the 
Malayan Peninsula were still connected with it. At that time 
tlie native Sapota plants were not yet suthciently dilfcrentiated 
to produce a particular species which could supply a gutta- 
percha latex. When the submersion became deeper, during 
a later period, cutting oil all direct connection with the ipain- 
land, the dill'erentiation had become a fact, ai\d the gutta- 
jxu’cha trees remaijied a property of the islands where they 
originated.” 

However this may bo, it is certain that the gutta-percha 
plants are restricted to this comparatively small district. It 
cannot be maintained that other territories in the same latitu- 
dinal position to the equator are not able to produce such plants, 
since the climate and conditions of each may well ])ermit the 
cultivation after a careful transplantation, and an equally good 
quality of gutta-percha may be the result. This point must 
now await further explanation in another part of the book. 

Most of the gutta plants are to be found under Ihe Bapo- 
tace^e, plants belonging to the gamopetal Dicotyledons. The 
Sapotaceoe are trees and shrubs of the tropical /one, wdnch 
usually contain much latex, and the latter secretes a gutta- 
])ercha. The leaves are coriaceous and entire. The middle- 
sized and androgynous flowers consist of four to six sepals, a 
lour to six lobulatc bell or crown-shaped corolla, four or more 
stamens, and a multilocular ovary with a short pistil. The fruit 
is a berry, generally with a rich supply of pericarps^; the* seeds 
liavc often a long and broad hilum. J’he family of trees is 
divided into Bassieas (Illipeas), Lucumeas, Miinnsopcas , 
Bumelieas, and Chrysopheas. Under the many kinds of Bapo- 
taccie the genus snp})lying the Dichopsis (also Palaquium or 
Isonandra) gives the best gutta-percha plants. The most 
important are : — 

(1) Jiichopsis Gutta (Th. Lobb, Beiith., Hook.) or Pala- 
quium (J^urcke) or Isonandra Gutta (Berullas). 

(•2) Dichopsis ohtoncjifolmm (Beauvisagi;, Burcke), also 
Palaquium obloncjifolium or Isonandra ohJongD 
folia (Brakude, Saint-Pol-Lias, Teysmann). Also 
the Dichopsis or Palaquiuni hornconsc (Teys- 
rnann), the D. or P, Treuhii and its variety P. 
parvijolium. 
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Following the Dichopsis, others must be mcntionotl : — 

(3) Payena, and 

(1) Several Bassia kinds. 

A short botanical descri[)tion of tlie jdatits and a few of their , 
peculiarities and conditions of cultivation must he given. 

1. Diclioims Gnfta, identical with tlu' Pahujuium and 
Isonandra Guita, was the first known of all gutta plants, and 



Fia. 16. — Dichopsis Gutta (Palaquium Gutta; Isonandra Gutta). 

takes, in tlu* history of gutta-percha, the same place as the 
Jlecva (jiujancnsis in that of (‘aoutchouc ; both of thent are an 
old type, and ari, owing to rarity, of little consequence. Burcke 
and St^rrulas* liave given detailed descriptions. The stem is 
cylindrical, fully grown when thirty years old, and has tlien a 
circumference of 3 feet (about 7 feet above ground). Tlu' total 
height to tlu' crown is about 43 to 50 feet. The leaves of young 
trees are 8 to 9 inches long, and in the middle 2^ inches wide ; 
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fully grown trees have only leaves of *2 to 2^ inches. Form 
and shape of leaves change with age, and many botanists have 
been thus misled, and have taken older and younger trees to 
be different specimens. The petiole measures up to 14 inches, 
the flower 4 inch, the peduncle } to inch. The flowers stand 
in clusters of six, forming a bifurcated umbel, in the middle of 
which is a mark left by the last generation. The inflorescence 
has crosswise arranged stipules, the notched calyx consists of 
three outer parts, which are tornentose and timicated. The 
twisted sexipartite corolla is deeply notched ; the system of 
stamens has twelve filaments, six larger ones opposite the six 
parts of the corolla and six smaller ones standing alternately. 
The ovary is sexilocular, the pistil is hollow’ and obconical ov 
the top, 4’he young fruit is conical, egg-shaped, and 2 by 2 
inches in size, surrounded by the six recognisable parts of the 
calyx. The seed corn is oblong, pointed on top, and ] by 4 
inch in size. It has a tonientose base, resting in a sticky 
])erisperm. 

S(h'ii lias recognised live dilfi'rent tn'es in the ^Lalayan forests 
w hich may be mistakaui for tin* Isonandra (luttd by tiieir leaves 
and latex ; confusion with other Dichopsis kinds is not likely, 
as their gutta ranges in quality below that of the Faycma Jjerii 
(giitta Sundeck), winch Serullas declart's an adulteration, lie 
be1iev(‘d only in the Isonandra Ontta as far as mati'rial for cable 
production w'as concerned, all others wmo considered inhuior. 
The Bassia Parkii and the Mifnnsops halata gave only negative 
results, and the Payana L(rii served only for adulteration. 
Keporting in 1890 about the destruction of the Isons.ndra, ,the 
same explorer says when w riting to the Academic des Sciences : 
“ The destruction of the Malayan forests progresses i;apidly 
without interruption. Th(' natives cut dowm all the trees, even 
the smallest, and forty years ago all increase and growth 
stopped. The b(‘st qualities of gutta-percha are rare and 
nearly extinct, and those which have taken their place will meet 
that fate fifteen years hence. Th(‘ ^Malayan export markets do 
little business, and the Dutch Indian plantations meet with 
little success, as the quality is inferior. . . The Isonandra has 
become rare, but it has not yet died out. On frhe Chasserian 
estates and in Boukett-Timah, where Th. Lobb found, in 
1847, the Isonandra, I still saw^ in 1887 fully-growm 'trees, but 
('xploitation had ceased thirty years before, as the species w’a 3 
eonside 4 ;ed (‘xtinct. Onl^ one kind of tree related to the others 
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exists here, which Hooker called Isonandra Gutta* in the 
London Journal of Botany/* 

The Isonandra gutta, the best gutta-percha plant, meets the 
fate of the Hevea guyancnsis, and as the latter has found ’a 
substitute in the llevca hrasiUejisis, the former has been sup- 
planted by the 



Fio. 17 . — Dichopsis oblongifolium (Palaquium oblongifolium). 


2. Dichepsis ohlongifolium , After the gutta-percha from 
the Dichopsis gutta comes, according to the views of the 
explorers, the Dichopsis oblongifolium quality. Seligmann-Lui 
found the tree on* the east coast of Sumatra, and Bran de St. 
Pol-Lias, in Perak (Malacca). The colony of Bloran in the 
Djambon district in Sumatra had 77 trees in 1884, a remnant of 
400 planted* in 1856. These came from a 2,000-trce plantation 
on the Bornean west coast, which trees were in 1886 divided 
ainon*gst the 'farmers. The best trees grow on the lowcnoun- 
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tain ranges and hills out of the inundation districts ; the less 
stagnated water is near, the better is the cultivation. The tree 
is very sensitive to its station, and if the place is badly chosen 
it wall soon decay, h^xperience has proved this in Borneo, 
where the Colonial Government entrusted farmers with planta- 
tions. 

Gutta-percha produced from the Dichopsis ohlojujifolium is 
excellent in quality and durability. Free from wood aixhbark. 



Fig. 18 . — Dichopsis borneense. 


it is very tough, and so flexible that it can be folded without 
breaking. Dipped in hot water it can be kneaded and formed 
wathout becoming sticky, and it regains the old firmness as soon 
as it becomes cold. The colour is a tinge between red and dark 
brown. Like all kinds of gutta the latex remains milk white 
as long as not mixed ; the brown colour is cAiused by adultera- 
tion with wood and bark, which give the colour when the gutta 
is boiled and cleaned. 

The Dichopsis borneense, the Dichopsis TreiM and parvi- 
folium, also the Pahiqniinn rriescanum, seem onl^ to be botani- 
cal v£frieties, which sli^)w no differences in the gutta-perbha. 
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The Dicliopsis caJophylla (Bcnth. and Hook.) seefns to be 
the Mayang Baton mentioned by Seligmann-Lni ; it supplies 
a lighter, redder-coloured gutta-percha, less hue and inflexible 
than that from the Dicliopsis oblongifolhim. 

The Dicliopsis scicndit, called by the Malayans, according to 
Seligmann-Liii , Mayang Korrik, and according to Biircki', 
Njatveh selendit, and known in Sumatra as TTalaban, snpplit's 



a very inflexible gntta-pcn'cha, (piite. nnsuita])lc for cable pro- 
duction. Mixed with other qualities it can be used for various 
purposes. The Mayang Djcrinjin and the Mayang Kartas are 
nearly identical varieties ; the product of thesis shows the same 
advantages and disadvantages as that of the Dicliopsis selendit. 

The Dicliopsis Krnntziana is a tree which the Cambodia 
natives call Thior,!ind the Cochin-China natives Chay ; botani- 
cally it resembles the Selendit gutta. Tlic produced gutta- 
percha is very inferior, and even when mixed it is hardly of 
any use. lliat marked botanical connection should be as.so- 
ciated with great dissimilarity between the products of tlie 

• nr 
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closely killed plants is explained by the climatic differences, 
and it substantiates the remark at the beginning of the chapter 
that only a small and restricted zone has all the needed require- 
ments for the successful production of the gutta-percha for 
industrial purposes. 

The Dichopsis pustulatum has been found in Perak, and is 



Fia. 20. — Piiyena Levii. 


now cultivated in Ceylon as a gutta tree. Detailed descriptions 
are lacking, probably because the English do not think it 
advisable to acquaint the world with the res;;dts, but to use the 
fruits of protracted experiments for their owq benefit. 

3. The genus Payena supplies only one gutta-percha-pro- 
ducing tree, the P. Lcrii, discovered by Brau de SC Pol-Lias in 
Malacca and classified by Beauvisage at Paris as identical with 
the Veratophorus Lerii found by Hasskand. Malacca is with- 
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out doubt its borne. The Isonandra henjamina of D(f Vriese is 
also, according to Biirckc, the same plant as the P. Lerii. The 
small, thick, and tough leaves look as if they were covered with 
varnish, and when young they have a reddish tinge. The 
flower is white, the fruit fleshy, and with a horn-like cover; it 
is sweet and is eaten by the natives. The P. Lerii supplies a 
nice red gutta-percha similar to the Njiatoeh Merab, but the 
product is sold under 
several names. On the 
west coast of Sumatra 
they call it Njiatoeh 
Balambringin, and on 
the e:\st coast, S undeck, 

Sundeh, or Simdi ; in 
Soupayang it is Sandai 
or Buntai; but thes(‘ 
names must not l)e taken 
tor gutta-Bouni, a mix- 
ture of several kinds of 
gutta-percha.. The l\ 

Lerii grows on the 
fdains of Padang (Buuia- 
tra), in Baiica, ixiouw, 

Amboine, and ?^lalacea : 
in Assabam (Bumatra) 
it is rare, but |)]entiful 
in Biak (also Bunratra). 

The gutta is often mix('d 
witn an infVu’ior quality 
called tknihabalam. The 
P. Li^rii and also* the 21.~niock of Sumleck Gutta. 

Bouha-balam trc*e grow in the lowlands; about 500 feed over 
sea-level it is replaced l)y the PahufuiiDii oblofigij'oJiuni. The 
P. obJ on (ji folium requires a dry ground, but the Bouha-balam 
is a plant of marshes and swamps. The P. oblong if olium is 
sometimes calk'd Bringin or \\ aringin, to be traced back to the 
similarity of the jeaves with the Waringin iUrostigma ben- 
jaminum). 

4. Of the Bassi.'^s tlie gutta-percha tree is the Bassia Parkii, 
w'hich Professor Ed. Heckel of Marseilles has examined, re- 
porting as follows (1885) : — 

“ TJie genue Bassia includes several kinds of very largci trees 
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which have their homes in India and Africa ; the pressed seeds 
supply a fatty substance which finds industrial use as Illipe oil. 
yntil now it was not recognised that a kind of this genus, the 
African Butyrospcrnium {B(hssia) Parkii (Kotschy), produced 
also gutta-percha. The natives call the tree Karite or Ghee; 
the butter-like fat comes as Galam-l^ambouh, or Ghee butter, 
also as Karite butter in the trade', and is an important article 



Fici. 22.— Bassia Parkii. 


of food in Africa. In Kuro))e it is mainly used for soap pro- 
duction, and owing to the contaiiK'd stt'arine it is much appre- 
ciated by candk'-makers. The Butijrospcrmtm Parkii 
(Kotschy.) reaches a lu'ighi of 30 to 33 feet and a diameter of 
6 feet, it branches like an oak and contains. much latex, which 
coagulates to gutta-pe'rcha. The k'aves are ervtire, thick, petio- 
late, and have stipules; they stand in clusters on the ends of 
the strong, smooth, and wrinkled l)ranches. The petiole is 
first pilose then smooth, and ‘J to 3 inches long. The stipules 
are kinceolate, about^a half-inch long, and on the back silky. 
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The leaf is oblong, cuneiform, or round on the bottom ; when 
fully grown it is flat on the top, strongly pilose on the back, 
and has 20 to 25 open ribs. The dowers come as umbels out of 
the axillas, and are on top of the branches: the peduncle 
measures an inch or more and is at first covered with downy 
hairs containing iron. The bell-shaped calyx has a short tube 
and is mostly split in eight longitudinal 
parts, of which the outer four have the 
down. The corolla is as long as the calyx 
and has a split tube like the latter, ddie 
stamens arc enclosed. Opposite each ])art 
of the corolla is a stanu'n, the anthers are 
long. The ovary is globular and octafid or 
d('cafid. ^Jdie pistil is thin and small, of 
varied length, and sonu'times eiudosed in 
the corolla, ^fbe fruit is an oblong berry, 
which contains one S(‘ed corn coven'd with 
tliick seed lolx's. 'Vlw so('d corn is laigc' 

Mild is in a. flat, tunicated, chestnut- 
coloured capsule. The whole fruit is of nut .s-. .,. Corky tissue, 
size, desliy and palatalile.” liark-parenchynm. 

Do (Jodolle describes tlie plant as Bas\sia 
t'arl'ii, Kolschy as Jiutyrospcnnum , and o.z. = Bast fibres! 
Tvoxburg as B. hutyracid. Its home is in p*^i’cnchynia. 
Upper Guinea, in the kingdom of Bambara , 
where j\Tungo I^i,rk lound it first on fh(' Niger, in Nupe, in 
Jeba, etc. DTrving and }ki?’t('r found the plant on the Nile 
at i^»bbeokfita and in the iK'ar-lying districts of Gondokoro, 
Djur, Kosanga, near Niams-Niiams, and in Madi. 

The Jiome of the />. ParJxii can now’ be fixed a little closer. 



The Tvarite tree is widi'spread in the valleys of the Upper Niger, 
the Bakoy, the Baoule, and their branches: in Beledonga, 
Fouladougon, Manding, Guenickalaris, (dc., arc large forests 
of them. It grows w ild in glens and in .silicioiis and ferriferous 
soil. 


If a cut of a branch of the B. Parldi is examined the close- 
lying milk veins c.In be seen in the midst of the parenchyma of 
the bark, which’is only covered l)y a thin skin from the outside. 
The milk vessels can easily !)(' rcaiched by cutting, and the same 
can be said ©f the caulis. But if caulis and brandies are grown 
together, a very firm and hard liber forms in the bark-paren- 
chyma. The liber grows quickly and pfotccts the milk vessels 
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which rest on the inner side of the wood. The milk veins can 
be reached by a deep cut with a strong instrument. This 
abnormal growth is found in all Bassias and makes the collec- 
tion more difficult, but even when all hindrances have been 
overcome the produced latex is not by a long way equal to the 
product of the Isonandra. 

The real gutta-percha producers of the Sapotaceas have now 
been mentioned as far as they are known, but that does not 
exclude others. Not all the known plants have been properly 
examined, and no doubt there are others of which wt know 
nothing. Borneo has several species in the herbariums at 
Buiten-Zorg and in Saigund, but nobody has ever seen them 
growing, and those of the Malayan east coast, especially of 
Pahang, have never been scientitically described. 


Schematic Synopsis of the 


B'amily. 

Gkxus. 

Variety. 

Scientific 

Synonym. 

LocAJi Name. 

Sapotaccffi 

Pala* 
quium or 
Dichopsis 

Pal. Gutta 

Isonandra 
Gutta, Dicli. 
Gutta 

Gueutha Tuban-Merah 

Do. 

Do. 

1 

Pal. 

oblongi- 

foliuiu 

Dicli. obi. 

Mayang Doerrian, 
Njatoch-Halaiii-Tem- 
baga, 

Nj. Bal. Sh-ah, , 

„ „ Socson 

(ill Sumatra), 

Nj. Bal. Doerrhn, 

Ka - Malain - Paddi 
(in Borneo), 
Guetta-Taban-Merah 
(west coast of Malacca) 

Do. 

Do. 

1 i 

Pal. bor- 
neense 

Dich born. 

1 


Do. 

Do. 

Pal. 

Troubii 

and 

variety 

parvi- 

folium 

1 

Dich. Treub. 
and variety 
parvifolium. 

Mayan g Kapoer, 

Dadan, Getah-Poetih 

Do. 

Do. 

Pal. vries* 
eanhrn 

Dich. vries. 

Njatoeh'Bindaloo ' 
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Besides the Sapotaceas there are several other plaifts of the 
Asclepiadeae, Apocynacea', and Euphorbiacea?, which are men- 
tioned as gutta plants. Their product is more an inferior, lityt* 
elastic caoutchouc than gutta-percha. The plants are : 


1. Asclepiade^. 

Cynancliuin viminale (Hindu- 
•gtan) 

Calotropis gi^antea. 

Asclepias acida. 

2. Apocynace^ 
Alstonia scolaris (Hindustan). 


3. Euphoiibiace^. 
Euphorbia cattiinando (Hindustan 
and the Cape). 

,, noreifolia ,, 

,, tortillis ,, 

,, tirucalli ,, 

Maceranga toment-osa ,, 

Pedilanthus titiiynialoides ,, 


Principal Gutta Plants. 


Botanist and 
Explokeu. 

j 

1 OlUOIN. 

1 

Notes. 

Lobb, Oxley, Hooker, 
Bonthani, Burcko, 
Brook, Seliginann- 
Lui, Baillon, Serul- 
las, Beauvisage 

1 Singapore (luoun- 

j tainous part, on 
j Chasscrian Estate, 

I in the glens of Bou- 
kett-Timah). Bor- 
neo ? 

Seems to have supplied the 
first and best gutta-percha. 
Only few trees can now be 
found, and the supply is ex- 
hausted. 

Seligmann-Lui, 
Vesque, Beauvisage, 
Brau de 8t Pol- 
L^as, Teysmann, 

Burckc 

• 

In the whole of Su- 
matra (especially 

east coast in Loebe- 
Along), Lampong, 
south and south- 
west of Borneo 
• (lianjerinassin and 
Pontianak), Isle 

Kiouw, Malacca, 

Perak 

This is now the best gutta 
plant. Balam-tcmbaga means 
copper-yellow leaf. The tree 
requires moisture, but little 
light. The leaves contain cal - 
ciura,oxalate-Latex ; abundant, 
colourless ; transparent, colour- 
less, owing to the alkalies. 

Teysmann, Burcke 

Borneo 


Burcke 

« 

• 

• 

Isle Banka, Deli, 
lliouw 

These three are varieties of 
Pal. obi. The quality of the 
/ gutta is the same. 

Do. • • 

Sumatra 
(Mant Sagoh) 
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Family. 

Snpotaccic 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

J}o. 

Do. 


Genus. 

Variety. 

SCIENTIEIC 

Synonym. 

Pala- 
quiiiin or 
Dichop- 
sis 

Pal. callo- 
phylluni 
and 
variety 
querci- 
folimn 

Ison, costata 
„ chrysonata 
„ chry. So- 
phy 11a 
„ oblongi- 
folia 

Do. 

Pal. 

acumi- 

natum 


Do. 

Pal. 

pisang 


Do. 

Pal. 

sedendit 


Do. 

Do. 

Pal. 

Njatoli 
Pal. pistil- 
latum 


Do. 

Dich. 

clliptica 


Do. 1 

Pal. kran- 
/.iana 


Payena 

Payena 

Lcrii 

i 

Keratorphar- 
ous Lei’ii, 
Ison, benja- 
niina, A/aola 
Lerii 


Local Name. 


Mayang-Batou, 
Njatoeh-Djankar 
Njatoeli rocpoci. 

Tocndjoeng. 


JkJain socsoe 


Njatoch roepoci 


Halab!Ui*Nj{itooh-Selen* 
(lit, Miiyaiig-Korsick, 
Mm yang-Sikkuiii, 

,, Djcrinjiii, 

„ Kartas 

Njatoch 


Do. 


Panel ion tea 


In Cauiboclge : Tliior 
In Cochin-China : Chay 


In Sumatra : 
Njatoch-Balam-Bringin, 
„ „ Waringin, 

,, „ Sundeck, 

„ „ Soendai, 

,, „ Sandai, 

,, ,, Soentai, 

„ „ Pipis, 

Balam-Tandjong, 

„ Tjabcc, 

,, Tandock, 

„ Troeng, 

Sante 

In Borneo : 

Njatoeh-Ka-Malam 
In Banka: Koelan 
In Riouw : /kilain- 
Soentai, Ranas 
In Malacca : Giitta; 
Selendit, Getah Sun- 
deck 
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Botanist and 
Em-louku. 


Benth. and Hooker, 
Pierre, l)c Vriese, 
Tevsinann, Vesqiie, 
Seliginann-Lui 


Ohio IN. 


Borneo 


Biireke, Boerlnge 


Deli 


1 hircke 


liorneo 


Notes. 


Supplies a light and more 
reddish giitta ; the product is 
loss fine and strong. Accord- 
ing to Vesque the iVIayang- 
Batou is similar, but not iden- 
tical with Pal. collophyllum. 
The former can stand a drier 
soil and more light than I'al. 
obi. 

Probably identical with Pal. 
qucrcifolium. 


Seligniaiin-Iiui, 
llurckc, Vesque 


I Sumatra, Malacca 

i 


Very hard gutta ; not suit- 
able for cable production. (';in 
stand dry soil, but little light. 


Teyspiann 


Pierre 


Do. 


Java (prov. Banjerang) Do. 

Perak (Ceylon) Successfully cultivated by 

the English. 


Wynaad, Coorg, Tra- Gutta horn like, and when 
vancore (Brit. India) cooling, brittle. 


Do. 


French Protectorate Supplies inferior gutta- 
in Indo-China percha, likely owing to un- 

favourable climatic conditions. 


Benth. and Hooker, 
Miguel, De Vriese, 
Seligm^nn-Lui, 
Vesqu(‘, Beau visage, 
Burcke, Teysmann, 
Tromp, Hasskarl, 
Brail de St Pol-Lias 


Sumatra (Padang, 
Assahan, Siak), 

I Banka, Bornia), 

1 Biouw, Amboin, 
I Malacca 


Owes the names Bringin and 
AVaringin to similarity of h'af 
to that of the Urostigma beii- 
jaminum, in Malayan called 
thus. Product brown in all 
mixtures, coming as raw gutta- 
percha on the market. Not 
equal in quality. Trees are 
earli(!r productive, as Pal. obi. 
All tissues of plant contain a 
substance which turns Idack 
under the influence of alcohol. 
Cultivated by the English in 
Pardenia and Hemeratgoda. 
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c 

Family. 

Genus, 

Vakiety. 

Scientific 

Synonym. 

Local Name. 

Sapotaceai 

Payena 

P a y c n a 
111 a c r 0- 
phylla 

Kakosmanthos- 

macrophyllus 

Getah-Moendirig 

Do. 

Bassia 

Bassia Par- 
kii 

; B. Butyros- 

pcrminn, 

B. Niloticuin, 

B. Butvracea, 

Karito-trec 

Ghi-tree 

Saga 

Do. 

Payena 

Pay. riibro- 
pedicil- 
lata 


Mclali 

Do. 

Do. 

Pay. lati- 
folia 


Sangai 

Asclepia- 

deee 

Cynan- 

chum 

[ Calotropis, 
Asclcpias I 

Cyn. vi- ' 
iiiiiiale, ' 
Cal. gigan- i 
tea, 1 

Ascl. acida 


... 

Apocy- 

naceae 

Alstonia 

Alst. 8 C 0 l- i 
aris, 

A, grandi- , 
folia, ■ 
A. costu - 1 
lata, 1 

i 


Euphorbia- 

cetE 

Euphorbia, 

Macaranga, 

Pedilan- 

thus 

Euph. cat- ' 
tiniando, ■ 
E. iierci- 
folia, 

E. tortillis, 
E. tirii- 
calli, 

Mac. to- 
mentosa, 
Ped. tis- 
thymal- 
oidcs. 


' 
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Botanist and 
Explorer. 

Origin. 

Notes. 

I)e Vriese, Teysmann, 
Hasskarl, Miquel, 
Beauvisage, Burcke 

Java (prov. Bantam) 

The gutta-percha is inferi 
to the afore- mentioned. 

Linn^, De Candolle, 
IloxjDurg, Kotschy, 
Guibourt, liaucher, 
Hcckel, Schlag- 

denhaufen, Mungo 
Park, Gallieni, ' 

Schweinfurth | 

» 1 

Upper Guinea, Bam- 
bara, Upper Niger, 
White Nile, on the 
Niams-Niams, the 
Bakay Valley, in 
Baoule, Beledongo, 
Feladongo, Mandi- 
arg, Guenikalaris, 
by the Bougos 

According to Heckel, the 
Ikissia has a future in Afrii ji, 
— will be the competitor of 
the Palaquias of the Sunda 
Isles. 

Van Iloin burgh 

l^ornco 


Burcke 

Do. 



J3ritish India 

\ 


I Do. 


I India and 
Colony 


Cape 


Still very little known. 
Supplies a product which 
. is more a bad caoutchouc 
/ than real ^utta - percha ; 
it can only be classified as 
a pseudo-gutta-percha. 
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The foregoing tabulated synopsis of giitta-pcrcha plants con- 
tains undoubtedly a few inaccuracies, because botanists have, 
as already stated, mistaken the age of the leaves of what proved 
to be one and the same plant. 

Just as little as is knowm about gutta-percha producing 
plants is known about the influence of climatic conditions on 
them. Seligmann-Lui is the only one who has considered the 
point, and an extract of his observations will therefore be 
useful. 

“ The Sunda Islands were created by volcanic eruptions, of 
which they still show' direct traces. In the centre they are 
mountainous and are flat towards the sea. During the raipy 
jieriod the rivers receive large quantities of w'ater which rushes 
quickly down the valleys, raising up the river beds in the upper 
regions, and carrying soil and clay to the lowlands, where they 
settle on the banks. The alluvial de[)osits grow from day to 
day and make banks on the seashore, the banks in course of 
formation lying still under the sea level wdiere their form 
changes permanently ; these are moving swamp islands covenal 
with swamp plants, especially w'ater palms. The okhu’ alluvia- 
tions have been dried in the sun and become firm territory over 
the water-line. On these fruitful portions of the islands the 
natives have settled down and Europeans have founded their 
plantations. In Deli and Langkat they grow' tobacco, in Bcji- 
kalis, majiihot and (innamon, in Palembang on the west coast, 
sugar, cotfee, and pepper. Farther inland, where the rivers 
are embanked and inundations prevented, where rocky glens 
take the place of clay soil, the vegetation changes, and instead 
of plantations there are forests, the home of the klayang^ (gutta 
tr(*es). Numerous rivulets, which do not dry up in the hot 
pi'iiod, keep the soil fresh and moist. A dry season is hardly 
known in the Malayan Archipelago, with its seven feet of rain- 
fall per annum, and after the rainy winter there are always 
showers to supply fresh w'ater. The territory is not so high as 
to have changes of temperature caused on this account. On the 
coasts of Java and Sumatra the average temperature is never 
under 77® F. during the winter. That the Mayangs can only 
grow here is not certain, but everywdrere where Murton found 
them the conditions were alike.” 

This information about the geographical position of the 
Mayahgs left the other explorers of the gutta countries little 
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hope, and outside the zone of 3 southern and 5 northern lati- 
tude no wild-growing giitta plants liave yet been found. 

Pierre’s researches in Cochin-China and Cambodia led to no 
remarkable n'sults, because the Thior (P. krantziana) erru 
hardly be called a gutta-percha, and the others mentioned by 
him have also no similarities. 8eliginann-Lui heard that an 
Englishman in the Siamese service had found on the west coast 
of the Gulf of Siam (13 degrees northern lat.) a gutta-percha 
tree* but it was only the P)orneo rubber, a caoutchouc also found 
in Jhirmah and Pegu. The King of Pegu, an expeil on the 
point, confirmed th(‘ contention that no gutta-percha trees 
grew northwards of d'rigano. As (he trees cannot stand trans- 
plantation to other climates, where they degenei-ate and supply 
all inferior product, it seems impossibk^ to find any means of 
a-cclimatisation, and even cultivation in the given zone presemts 
very great ditticulties. 

Seligniann-I mi has already stated it is not only a charac- 
tciristic of gutta-])ercha, that it is plastic and withstands elec- 
ti'icity, but also that it does Jiot change. Since the advent of 
the cal)l(‘ industry, the endcaivour lias been made to improve 
insulation, and the mixing of gutta-percha has often gone far 
beyond the jaapiirenumts, Koiu' of the artitidally improved 
products e((ual in dural)ility th(‘ j>ur(' gutta, and in all the labora- 
tories the expiaaments of the past will only be repeated. Should 
a kind of gutta-percha olTer advantage's it should be cultivated, 
but it should not be forgotten that the real ('ITect and value of 
the product must first be proved. The sorts which liave proved 
their value should not be forgotten, and Sedigmaim-Lui num- 
tionf5 amorigst the.se the' Gutta Ik'rrian or taban. W’hen pure 
it is white', but it is mostly coloured red by foreign substances ; 
the fintt glance proves that it is gutta-percha, and it is the best- 
known sort which has been exported. Only when tlu' Gutta 
]i)errian was exliausted tlu' other qualities were taken up, and 
in the' se'cond I’ank comes the' Gutta Sundeck and Gutta }>atou, 
which range equal in the trade with all the others. Gutta 
Sundeck is also white, and when cut is smooth, glossy, and 
ivory-like. Most Sundeck put on the market has red tinges, 
owing to the circulation of the latex betwe'cn wood and bark, 
where it mixes wdth a red colouring sap of the outer bark. This 
gutta-percha is less plastic than that of the r)errian Gutta. 
Gutta Batdu is lighter and more red than Derrian. has a finer 
fibre^ and is^ probably also less strong. Gutta Belouk and 
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Gapoub, both known to the trade as Gutta Pouteh (white), 
are inferior qualities, and have already some similarities with 
the Bouhabalam gutta, a worthless quality coming from the 
fiat islands or swampy plains. After a short while the material 
becomes brittle and falls to dust. Only after further investi- 
gation will it be possible to say if the change is simply a phy- 
sical one, or if oxidation or resin-formation progresses quicker 
than in other gutta-percha qualities. It is also necessary to 
find if the boiling (of which more has still to be said) has an in- 
fluence on these changes, and if it can prolong the use, or if 
cable manufacturers have to leave these qualities altogether 
out of account. They would still remain useful for other indus- 
trial purposes and requirements. 

The conclusion from the afore-mentioned account must be 
that it would pay best to cultivate Mayangs which produce 
the Gutta Derrian, and try the transplantation of this species. 
With regard to the other qualities, continued and dotaik'd 
researches are necessary. Not only the electrical properties 
and the possibilities of insulation, but also all the other physical 
and chemical properties require careful elucidation. It is 
necessary to ascertain if the sorts are elastic, how^ they hohave 
under high and low temperatures, at what temperature they 
become soft, liow hard they are after they have been kneaded, 
to what extent they withstand oxidation, if they remain water- 
proof under pressure, etc., etc. Only wlien tin; answers to all 
these questions are satisfactory, and when experience has added 
its testimonial, can rational cultivation of these trees be recom- 
mended. It is likely that a better product than the Gutta 
Derrian may he the result. When it is taken into'" considera- 
tion that fifteen to twenty years must elapse before a planta- 
tion supplies the first gutta-j)ercha, and that another period of 
equal length is needed to prove durability, it is clear that no 
definite result can be jn’oclaimed before thirty or forty years 
have passed. This shows that cultivation and acclimatisation 
of gutta-percha are very difficult and necessitate protracted 
labour, and before science has become clear on the point a very 
long time will have elapsed. All that can be said to-day is that 
Englishmen have investigated these points already for years, 
and the chosen field for experiments, Ceylon, lias, on account 
of its climatic conditions, great chances of achieving good 
results. The reason for the miscarriage of the French experi- 
ments by Pierre was the unfortunate choice of a zone or terri- 
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tory. The same experiments in the French African ^jolonies, 
nearer the equator, would most probably have had a much more 
satisfactory ending. 

Of the German colonies Cameroon and the possessions in Ne w 
Guinea would from this point of view come into consideration. 
According to O. Warburg, Cameroon, at least the country round 
the Cameroon Mountains, is particularly suitable for the culti- 
vation of West Malayan gutta-percha trees, not only because 
of the equally warm temperature, but also the rainfall, heavy 
and distributed over the whole year, is identical in both dis- 
tricts. The deep volcanic soil of the primeval forests must be 
equally suitable for the trees when these conditions are com- 
pared with their native plantations. Probably better than 
Ctimeroon may be German New Guinea for the plantation of 
gutta-percha. Several species of the Sapotacejc plants are 
already at home in this country, as is testified by the botanists 
Dr. Hollrung, Helling, Karnbach, Lanterbiirg, Warburg, and 
Wciland, but these plants do not yet supply a latex which can 
be coagulated into gutta-percha. A number of experiments 
have already heen made in Cameroon, the Paycna Lerii and the 
Guatemala gutta-percha of the Tahcrrupniontcnia Donell- 
Smithii being singled out for acclimatisation. Thirty-one 
cuttings of the former and forty-seven of the latter were sup- 
plied by the Colonial Economical Committee to the Moliwe 
plantations. Of the latter several developed very nicely, but 
the former died olf after a short while. The botanical garden 
in Victoria (Cameroon) was not more successful, it has only 
seven small plants of Paycna Lerii, whereas the one Palaquium 
(I alia has^‘eased to exist. 

These scientific rather than practical results of experiments 
did not deter the Colonial Economical Committee at Berlin 
from searching more energetically for suitable gutta-percha 
plants, and in 1900 they sent the botanist Eobert Schlcchtcr to 
study the problem in the homo of the gutta-percha plants. He 
received the order to find seeds and plants for Cameroon and 
New Guinea, to bring thorn himself to New Guinea, and to 
send those suitable for Cameroon across Europe to their destina- 
tion. The first of Schlechter’s stopping places was Singapore, 
and from here 'he went to Sumatra, Java, and Borneo. He 
searched for wild-growing gutta-percha trees, also in botanical 
gardens anfl in the plantations where they grow under proper 
cultivation. He collected on these excursions many thousands 

r • 
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of seedr and young plants (Dichopsis Gutta), of which he 
planted those selected for Cameroon for the time being in the 
botanical garden at Singapore, wdiereas he brought some of 
those for New Guinea to the plantations and arranged to send 
the rest at intervals. Seeds and plants have been bedded in 
suitable plantations in the German north-east districts of New 
Guinea; the consignment for Cameroon arrived in October, 
1902, at Hamburg, whence they were sent in charge of a plan- 
tation assistant to the planting station in Cameroon. 

So far the best plants only had been considered, as for in- 
stance', the Palaquium Gutta from Sumatra and the Malayan 
Peninsula, but the Berlin C'ommittee came also in possession of 
large quantities of Borneo plants through the Belgian Barito 
Society, which had imported those seed plants for sale. The 
botanical garden in Victoria (Cameroon) and the Motive plan- 
tation took each a few boxes of seedlings, part of which w^ere 
sent at once, the rest following in the sprhig of 1903. Tlu' 
director of the. botanical gardens of the Congo State at Laeken 
near Brussels also presimted the Berlin Committee with a 
Ward’s box of Paiaquinm Gulia, Treubii borncense and ob- 
longifoliinn , of which species hitlu'rto unknown! in Cameroon 
were to be sent ov('r in spring, 1903. 

“We ar(‘ able to maintain,” w’rites Professor 0. Warburg 
in the Xovi'inlx'r issue of the Tropenpjlanzcr for 1902, in wliieh 
he reports about the se(‘ds and plants, “ that we have found a 
basis for gutta-percha cultivation in Cameroon ; it will now* only 
depend on the use of the Javanese experiences and on careful 
experiments to develop a cultivation on a large scale.” 



III. — Collection of Raw Qutta-PercBa. 


It is known that gutta-percha is collected in Sumatra by fell- 
ing the trees, aiui another method of eoheetion has not yet been 
introduced. Very old trees have steins of three to seven feet 
in diarnet(‘r, and on th(‘ bottom numerous otTslioots, necessitat- 
ing the erection of scalfolding to get at the tree ; but these 
giants have become rare'., and are only to be found where the 
native's have not yet exhauste'd the sunnly. The trees are only 
to be found in the densc'st parts of the virgin forests, and as the 
woods near the villages (kampongs) li;ive been jilundered, the 
gutta-pendia colk'ctors have to peneti'ate' the fore'Sts, and tlu'y 
do it with surprising quickness, considering the impenetrable 
tlncket of underwood. When^ the genus of ti'ces is doubtful, 
and the leavf'S cannot be got at, a trc'c is cut to fix the genus to 
which it belongs; but the colour of the stem, the thickness of 
the bark, and the hardiu'ss of tla^ wood are surer signs for th(' 
intelligent native. If a tree lias l.ieen marlo'd as worth tapping, 
it is cut down and semi-circles aix' cut in the bark h\ means of 
an ax(', at a distanci' of about twelve to twenty inehes. ]3efoi’e 
eutting the eireles, sonc' of tlu' natives strip the tree' of leavi's 
and hranelu's to pnweiit. a loss of latex, sa]i eolleets slowly 

or quickly in the circles according to tlic kind of the trt'C. Thi' 
latex of the Vaifcna Verii, the d'uhan Derrian and tambaga of 
Sovqiayang, doi's not coagulate dirc'ctly; the latex of tlu' 
Dicliopsis oblotigiforui is thielo'r, coagulates quickly, and 
thickens between the hai’k and the wood tibre. The hark of 
the open circle on a Dichopsis crumliles under the axe and be- 
comes soft, preventing the* running of the latex out of the circle. 

The collection of the latex progresses very slowly in many 
places, iTnd during the cutting of the circk'S a great part of the 
latex is drained olf, hut the native does not take the trouble to 
collect it in cups or vessels. Many collectors declare the out- 
running latex as inferior, ht'cause it is white, and rc'd or brown 
is prefern'd aaid commands a better price : othc'i’s give no reason 
for the lU'gligence. As soon as the tree has been covered with 
cuts from root to c^’owii, the latt'x is scraped together with a 
piece of iron aud*put into hags made of esparto grass. As soon 
as all the ciretdar eirf s hav(' been I'lnptic'd, the tree is done with, 
and anoth(*r has to be chosen. It happc'ns sometimes that the 
lat('x continues to flow and fills the cuts a, second tiiiu', hut this 
is neglected. The cuts can only be inserted on one-half erf the 



194 


RUBBER, GUTTA-PEKCHA A.VD BALATA 

tree, as^ the other half rests on the groiiiul and this other half 
cannot he reached : at least it would he too troublesome to clear 
Jhe underwood for hauling or turning the tree. Thus, half of 
its contents exhausted, the gutta tree is left and nobody takes 
any notice of it, although the wood is an excellent one. In 
other places the tree is only valued and cut down for the wood, 
and no one thinks of collecting the gutta-percha. But still 
another result of carelessness has to be stated. Each of the 
felled giant trees pulls down many others, and many had also 
to he cut down to free the gutta-percha tree from the connect- 
ing creepers. The results of the destruction cannot be avoided 
and are already noticeable. Formerly the Dichopsis was only 
tapped when about th(‘ siz(‘ of a cocoa-nut tree feed cir- 
cumference), but this siz(‘ is to-day rare. Ehdl-grown trees 
supplying inferior gutta an* to be found in larger numbers, but 
this is owing to the fact that the product is not in demand. 
Only since the superior gutta became rare (about twenty years 
ago) have these' tn'es been tapped. 

Ticoii Brasse and Beligmann-1 mi witnessed several methods 
of pre{)aring the gutta-peTcha latex. The thin latex, like that 
from tiu' Bayc'ua, is brought liquid to the' hut, but the thicker 
latex of the Dichopsis mixes with pit'ce's of wood and coagu- 
lates to some extent during the transport. The workman picks 
out tlie bigge'r splinters and pieces of bark, and throws the 
material in a pot with boiling water, wlu're the gutta becomes 
soft and can be kneaded into one compact substance. The 
material is workc'd into thin and flat stri])s which bring the 
remaining particles of wood and hark to the surfac(\ wlu'n they 
are removed by rubbing in cold water, and this operation is 
generally repi'atc'd. The gutta is again softened, kneaded, 
rolled in leaves, washed, rubbed, and formed into blocks of 
dillerent sizes and shapes, in which the dilTerent leaves can 
still be recognised. The Toaf, roll, hone, and bottle shapes are 
to a certain degree characti'ristic of the district from which the 
material originates. Sometimes tlu' collectors show quite 
artistic leanings, in the same way as is shown by the Brazilian 
caoutchouc collectors. They give the gutt^-percha, which in 
this condition is more pliable than raw caout^chouc, the shape 
of serpents, birds, and all kinds of other apimals. Criitta twice 
cleaned is superior, hut it is not yet pure, and cStill contains 
wood particles, which can only he remov(‘d hy an elaborate 
process later to he described. The gutta is not cleaned in 
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Sumatra ; more often it is adulterated by additions of large 
quantities of pulverised bark. During the working the gutta- 
percha loses its colour : when tht* latex comes from the tree if 
is white, and the addition of wood and bark gives it varying 
colours during tlie boiling. The gutta of tlie i^ayena bt'comes 
yellow through the influence of the air, but the gutta of the 
l^icho|)sis colours oiily through the infliumce of colouring 
mateidal during the boiling. It is stated tluit collectors givt*. 
the gutta the desired colour to make it suitable for the market. 

rnmix(‘d gutta-percha , that is to say, all from the same kind 
of tree, is seldom found on tlu' markc't. The collectors do not 
mind making up their total with the lah'X of other trees, should 
one kind not supply sufheient and their time be limih'd. 
Returned to their cam[), they are still more ready to mix all in 
one pot. It is impossible to find sam[)les of the several kinds 
by inirchasing them from native traders. 

The best-known mixed sort is called Balam-tiunbaga , when 
the latex of the Dichopsis oblonrfifoliimt forms part of it. 
Kxperit'iici' has taught the Malays which sorts can l)e mixed 
best and those which suffm* by mixing, and s(‘lf-intt‘rest j)re- 
vents them from using these. 

Th(‘ collection of gutta-percha in North-\\T‘st Borneo, and 
also in Sarawak, lV)ntiak, Labuan, and other plac('S, has been 
described by fjeys, the Consul-CieiK'ral of the British posses- 
sions in North Boriu'o. He states that the different kinds are 
products of varying trees, but that tht^ ])ure red gutta-percha 
comes from th(‘ Dichopsis latex. Other trees give an inferior 
quality whi<^h is mixed by the natives. The red gutta-percha 
comes* from trees 130 to 170 h'et high, grown'ng on the banks 
of old jungles. The jnethod of production is as follows; as 
soon as file tree has b(‘e!i found, about 3;^ feet circumference at 
6 feet height, the crown is cut oil, and the circular cuts are 
inserted in tlu' bark at a distance of about 14 to 18 inches. 
The latex runs for two or thr(*c days into vessels formed of 
leaves or half cocoa-nuts, whem the whole is placard in one pot 
and boiled. Some water is addcnl to prevent the hardening in 
the air, by which il w'ould lose commercial value. 

Geographical awd climatic conditions, ageof trees, th(‘ method 
of collecting, the feeing of the trein and the cutting of the cir- 
cular insertions, have an influence on the quantity the dif- 
ferent gutta-percha trees supply. Expert opinion varies to 
such a« extent that doubt in all is quite justified. Bivcke 
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states the average supply of a full-grown tree as 11 oz. ; 
Serullas reports that a giant tree in Pahang gave 13i oz. ; 
fWray notecl a 100 years old Taban-merah tree which gave 2 lb. 
5 oz., and a. fully grown Taban-})uteh tree 2 lb. 11 oz. Logan 
gives the average yield of ii tree in Jolior as 5^ lb., and Oxley 
th(i same for Singapore, as 131 lb. Confronted with these 
statements are others which put the average of less developed 
trees at 32, and that of fully developed trees at about 100 lb. 
Who is rigid cannot be said with eertaiidy, but one thing is 
certain, that the irrational methods of collection, which kill 
all trees, will soon diminish, if not put a stop to the whole 
supply. 

Phe (juestion how’ to meet the dangc'r has interested 
ex()lorers, manufacturi'rs, and governineids. L. dungfleisch 
thought of im|)roving the mdhods of cultivation and collecting. 
A test with sampk's of plants brought ov('r in 1888 by Serullas 
1('(1 to the expectation that other organs of th(' tn'o beside' the 
stem contaiiu'd gutta-pea-cha , and in much larger quantities 
than the i\Ialays ever thought of. Jungdeisch kept this point 
in mind, and he' found that gutta-])ercha could be got out of the 
cells e)f the plants by ine-ans of solve'uts, anel toluol has proved 
to 1)0 the be'st se)lveid. for ('xtrae*tie)n. It dissolves the' throe 
con.stituents of gutta-pe'rcha ^giitta, alhane', and fluavile), but 
the othe'i* substances in leaves, hark, anel woe)el, exce'pt a little 
('hlorophyll, are only slightly elisse)lve(l. The following tests 
we're made : — 

M) Leave'S drie'd in the e)p('n air, he*., e)xi(lation by means of 
fresh air. 

(2) Peaves dippe'd in antiseptic wate-r and then drie'd. 

(3) OlfshoeDts dried and strippeel of h'aves. 

(1) Wood two years olel, elried and stripped of leaVes. 

Ail the‘se parts e)f trees gave* consideriible' quantities of gutta- 
perelia, whieh can be stated as 
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Th(3 high percentage gave rise to the belief that son*c of the 
constituents of the plants are dissolved with the gutta-percha, 
and th(* first glance would lead one to beli('V(‘. in the accuracy oj' 
this view, as th(‘ product is greenish, and has a peculiar, not 
bad, but somewhat overjiovvering smell, whereas Malayan 
gutta-percha is always red. Th(‘ real gutta-percha is naturally 
nearly colourless, it, colours when mixed with chlorophyll 
(whkh can easily be se[)arated) and also with bark fibre and 
other vegetable products. It has been found that the gutta- 
percha pi'oduced by the new method is of excellent quality, 
which can be compannl with any other, and tradc'rs and iiianu- 
facturers value it very highly. More rational collection can be 
lo(^)ke(l forward to, and where at prescmt only leav('s are dealt 
with further improvements art' sure to follow, ik'sidcs this it 
is to Ik^ hoped that the remaining real Isonandras in the 
i\lalavan .Vrchipcdago will l)(‘ beltei’ cultivatcal to supply a [)ur(‘ 
and unadult('rat('d gutta-percdia. d'o assmv this and to prevent 
fraud, the l(‘av(s of tlu' trees must lx* smit to Europe for 
extraction. ^Malays will be ((uit(^ as willing to S(dl the 

leaves as to colh'ct tlu' gutta-percha, and tlu' owners of estates 
will be encouraged to cidtivatc' plantations, even at the risk of 
a f('vv sacrilici's. S('rullas stal(‘s tliat a thirty years old ti*ee 
carries 55 to b5 lb. of leaves, whicdi, when dry, weigh 11 lb., 
giving, accor'ding to th(‘ jk'W imdhod, J ,000 to 1,100 grammes 
— '2-}i to 21 lb. gutta-peridia , whi'nxas th(' same tree' when felled 
gives only 1 1 oz. ddie Malays neglect the brancdies and leaves, 
wasting all the* good matcu'ial. ddu' leaves can be gatheixal 
several tint's a vaxir, and they can b(‘ taken from trees of all 
ages and cii'ciunfei’ences. 

ddie manner of extracting tlu' gutta-pendia by this nudhod is 
very simf)le. The puhaulsed material, leaves, branches, and 
bark, etc., is heated to about 212^ when the sohamt toluol 
is added. A green colourvd solution (owing to the chlorophyll) 
is the n'sult. The. dir-ect evaporation of the solvent is not ])os- 
sibl(‘ without injuring th(‘ pi'oduct, tlie toluol is therefore re- 
moved by means of shaim at a temperature of not more than 
212° E. One pari of steam takes iin four parts of toluol, and 
the gutta-perchii remains. To nunove the solvent altogether 
the steam is left v.K)rking a little longtu* on th(' stirred-up sub- 
stance, heatj'd to tlu^ above giv('n degree. 

i\ot only Jungfhdsch and Serullas, but also 1). Kigokg Pro- 
fessor*Ramsay, and Dr. E. Obach, have carefully studied the 
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production of giitta-pcrcha by extraction, and scveial apparatus 
have been described in the “ Cantor Lectures on Gutta-percha ” 
.given by the last-mentioned scientist. 

” The niost simple of these apparatus \^’as constructed by D. 
Iligole (Fig. 2-1), in which bisulphide of carbon is used. The 
leaves come into tank A, whereas the bisulphide of carbon is in 
the boiler B, in which it is heated and evaporated by means of 
a hot water bath, D. The vajioiirs rise thron^ih the tube as in 
C, wherci they condense and run as liquid on the leaves, which 



they permeate, and they return with the extracted ^ntta-percha 
through a to B. Atter a jaerfect lixiviation of thi‘ leaves steam 
is introduced from the boiler E through the tube /^ to the tank 
A, which steam distils the bisulphide of carbon and the solution 
from B to the tank F ; the ])roduced gutta-percha remains in 
the boiler B and floats in the condensed water. Instead of the 
toluol used as solvent by Jungfleisch and Sfu’ullas, Professor 
Ramsay prefers resin oil, and Dr, E. Obach uses petrol-ether 
for the extraction of gutta-percha out of leaves, but the 
apparatus employed are all similar to those just described. 

Latterly a mechanical method has hcen adopted in addition 
to th(5 chemical one. < The dried leaves and smaller branches 
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are moistciiied with hot water, then ground to powder in a 
machine and steeped in water. The gutta-percha is said to 
collect in a floury mass on th(‘. surface of the water, which is 
strained oil by means ol fine straiiuu’s made' of co])[)t‘r gauze ; 
the cream is put in warm water and afterwards formed in cakes 
or loa\"es. The method has just Ix'en tried in Singapore, with 
good I'esults, it is stated. A short time ago a company was 
foriAed at j\[edam, in Sumatra, to ('xploit tla^ method, and a 
factory for this ])urpose lias Ix'en built on tht', .Lingga Island in 
the Eioiiw Archipelago. 

Th(*se tests and (‘Xj)erim(mls cannot be considcavd as com- 
plete, and tbe results have to be awaited of the; ('xpea-iments 
w^iich have btam mad(‘ to pmve the usef nines of the pi’oduct 
extracted from the hana^s. Only small (juantities have beam 
manufactunMl and a lew artich^s made. Of the givatest in- 
t(Test are the r(‘sults in insulating air and submarine cable' lines, 
but many years are needed to show the full t'lfect. Then; is no 
doubt that the gutta-percha production has reachc'd a turning- 
point, on the one; hand by the' ade)ption and perfection of the 
methods of extraction, and on the other hand ])y the expe^ri- 
nients for a more rational (cultivation of gutta-percha ])lants 
and theii’ acclimatisation in countries like Camc'roon, New 
Guinea, and others for which they are* found siiitidile. 



IV,— Commercial Notes. 


The repeatedly mentioned and meritorious work by Leon 
Brasse lias supplied vahinbU' inaic'rial for this chapter. lie 
took every kind of ^mtta-perclui , and traced, as far as possible, 
the origin and the form in wliieli it comes on the marlu't, be- 
cause tlu' old-fashioned dcuiominations, like iMacassar, Sinua- 
[)or(', Java, Sumatra, Boriu'o, vtv., nu'an ri'ally nothin'^' : tlu'y 
only obscure tlu' value of the desi^iiatc'd article'. Tie noted also 
the app(‘aranc(‘, cut, tlu‘ contaiiu'd foi’ci^n substances, and the 
propertii'S which have to be considered from a commercial point 
of vi(‘W, such as nerve, hardiu'ss, more' or It'ss quickiu'ss in 
cooling’, and tlu' (piality of tin* obtained thre'ad. He also fixed 
the proportions of pure ^'utta and file resins contained in the 
vaiaous (pialities, and laid down th(' spe-cific resistimce iu 
i\re^U)hm-centimetres. The noli'd impuritit's are liasc'd on the 
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results of washing. The |)ro[)()rtion of gutta-percha and n^sins 
was fixed by Brasse as follows : He took 5 grain ines of ckainsed 
gutta-percha and dissolved tluun in a wati'r hath in benziw, 
obtaining as a totaj 200 cubic centinietres liquid. Of this he 
took after the filtration 50 cubic c('iitinietres jnirc gutta and 
poured them drop b}' dro|) into 100 cubic centimetres boiling 
pure alcoliol, dri(‘d tin* gutta by a timipcM-ature of 225° V. by 
means of dry carbonic acid, and thus obtained the weiglit of 
[)ure gutta-percha. Another samph' of 50 cubic c('ntimetres 
filtered fluid was vapourised and drird as befoiv numtioiK^d. 
The dilferenci^ of the two weiglits gave the resin contents in 
the gutta-perclia. 

, Tjie sj;)ecilic power of resistanci' to electricity is given aia’ord- 
ing to a measur(‘ment obtained by a practical l(\st v\ itli a gutta- 
percha insulated wire, dda'sc' tests were made with all known 
sorts of gutta-percha, and may serv(‘ as ('xajiqiles for work of 
this kind. Tdi(‘y hav(‘ been pul into table form to enable^ them 
to b(' more naidily iinch'rslood , and also for th(‘ jmiqiosc* of reads' 
com[)a risen . 
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Tiiiti'. VI). 

£; w ■ ' 

H V'* z, 

- w 

Is “ 

Little wood^ 
splinters, Sd per 
ecMit. 

(Easy to inanu- 
1 facture ; re- i 
j mains lonj; 

' A littK' 
shri\clled 

6,20 

62, 10 


i \ cry nervy ; I 
I when coolinj;, l 
easily regains ' 
the pnn ions 
liardne.sH 




Do., 25 per cent, j 

Do. ! 

• 

i Do. 

4,69 j 

16 

Do., m „ j 

Do. 

f 1 

J)o. 

1 

4,94 

50 

Do., 28 „ 

Do.* 

• 

Do. 

d,H9 : 

15 

24 

Do. 

Do. 

5, 75 

5 

Do., 41 i 

Do. 

Do. I 

5,25, 

. 28 
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N<». 


7 


8 


10 

11 


12 

18 


Name. 

r 

GK()(iHAVni<.'.\L 

OlUUIN. 

F’okm. 

■ 

Ai>pi:.\nA>fOE. 

. 

AITEAKANI'E -WHE^ 

Ccr. 

1 

{ Sandjikan 

1 

i 

i 

1 

i 



North-cast of 
] Borneo 

Loaves of 4;} lb., in 
shape of a parallel- 
e p i p e d o n, w i t h 
trapezoidal founda- 
tion and boat- 
shaped elongation ; 
sh.arply pronounced 
angles ; formed 

gutta 

Light yellow 

AVhite-yellowish, 
seldom yellow- 
reddish ; compact, 
seldom leaved 

1 Alaragulai 

i 

c.^) 

Very flat loaves of 
about 2 lb. or 
less, also tiat or 
stpiare pressed 
spindles of abont 
(i to Hh lb. 

'Whiti.sh grey, 
witli grey specks 

Horn -like 

I Bagan 

Probably be- 
tween Malacca 
and Singa- 
' pore j 

; 

Pear - shaped pic'Ces 
of abont 4 to 0 
lb., or beets of 6 
to 8,2 lb. 

1 ! 

AVinc-red ; feels, 
if warm or cold, 
like soap 

More or less 
rough ; nnrneroiis 
holes, owing to 
i insntlieient con- 
i nection of pieces 
of which the large 
pieces arc made 

Do. 

Do. ' 

Do. 

' Do. 

1 Do. 

j Biinjcr- 
iiiassiri i 

i 

i 

j 

; Soiitl) Borneo 

i 

! 

Uonndcd off at the 

1 ends ; sticks of 
! abont 80 inches 
long, 4-6 dia- 
meter ; also par- 
allelepipedons of 
20 to 24 inches ; 
both sides sculp- 
tured, one side a 
beast and the 
other leaf work 

! Spongc-like, 
brown, even , 
blackish 

Salmon -coloured 
: leaved 

I 

i 

Do. 1 

Do. 1 

Do. 

Do. 

1 Do. 

j Kotaringin ' 

c 

Do. 

Spindles, pointed! 

at both ends, 

square section or 
flattened of about 
2 to 4 lb. ; also par- 
allelepipedons of 
6 to 8^ lb., roundedi 
^t the ends j 

Liglitcr, as 
BanjernAissin 

< 

Salinon-colonrec 

leaved 
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Nature ard Quantity 
O f IMI'CHITIES. 

Vai.ue. 

• 

Natviik ok the 
Tiiuead. 

Proportion of 
Gutta-percha 

AND Rf.SIN. 

S £ » 

sew 

W 2 H 

£ w 

Notes. ^ 

Little bark, “22 
per cent. 

• 

Easy to inann- 
facturc ; re- 
mains lon^j; 
very nervy ; 
when coolings 
early rc^uiins 
the pi-evioiis 
linrdnesH 

Tile thri'ad 
is smoother 

2, 29 

o6 

The gutta seems to be 
llattened befori' it is 

moulded. 

The materia] con- 
tains no irre‘,nilar 
shaped pieces of 
bark ; these are j 
ref^nilar cut, and 
about Linch ; 
added intention- 
ally 16 per cent. 

Very liard | 
quick-cooiin" j 
^ntta 

ShriY('lled 

thread 

1,27 

1 1 

46 


Either none or 
few pieces of bark, 
*29 per ci'nt. 

! Fairly liard, 

! and nervy, . 
(piickly cooling 
^ntta 

Vei’y smoolli 
thread 

i 1,47 

1 

1 

1 

60 

i 

Smells of opium; difh- 
ciilt to clean ; not unlike 
balata when cleaned and 
spun. 


29 per cent. 

Do. 

Do. 

|l,4. 

17 

Mucli bark, 45 

Very liard, 

Shrivelled 

4, 09 

141 

* per cent. i 

, very ner\y, 

thread 



• ! 

(juickly cooling 





40 per cent. 

1 

i Do. 

1 

Do. 

*2, 20 

52 

62 per cent. 

Less nervy tharij 

Do. 

4,82 

25 

j Banjt%*niassin 
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No. 

Namk. 

< 

GKOdKAIVHKIAL 

OjllcilN. 

Foum. 

Aitk.auanck. 

AI'I’KAUANCK when 
ClT'l. 

14 

Kotaringin 

South Honu'O 

Spindles, pointed at 

Lighter, as 

Salmon coloured, 



both emls, stpiare 
section or Battened 
of about 2 to 4 
lb.; also parallel- 
epipedons of 6 to 
HI 11). rou]id{‘d at 

Hanjermassin 

leaved 






the ends 



15 

Pekitn 

Paliau‘M)ii t ho 1 Loaves 1.1 to 2 in. 

Reddish -brown, 

Wine-red, verv 



sea coast 

thick, and 4 to 11 

dark plum- 

homogeneous 

' 




lb. in weij^ht 

coloured, mouldy 

16 

Do. 

Do. 

Do. 

Do. 

Do. 

17 

Sarawak 

North-west of 

The loaves, if drv, 

Spon^w loaM's, 

Yellow-reddish 



1 Borneo 

are li^ht in pi’o- 

the surface is 

with white veins 




portion to their 

wai'ty with brown 





si'/.e 

bark 


18 

Do. 

Do. 

Do. 

Do. 

Do. 

19 

Pontiaiiaek 

South-west of 'Dloeks of 11 to 12 

Verv spon^w, 

Tjik(i Sarawak 



Horiieo 

11). 

yellow-reddish. 

with white or 





1 more f^rey than 

j grey veins , 





i Sarawak 


2U 

Do. 

Do. 

1 )o. 

; Do. 

! Do. 

1 

21 

' Padaiif' 

West Suiiia- 

Kbit pai‘all('l('pipe- 

: Very outspoloat 

Distinctly leavta' 


tra 

dons, earrving a 

! yellow-reddish 


i 

i 


stamp of ori< 4 'in 
about 4 lb., also 

j colour 





lar}i;er loaNCs up to; 

J 


: 


65 lb. 



22 

1 Sarapon^^ or 

East 

Oval-shapc<l loaves. 

Surface shri- 

Jlomogeneous, 


1 Souni 

1 1 
1 1 

I ; 

i ; 

Sumatra 

pointed at the ends, 
about 1 to 2 lb. 

v(‘lled, earthy 

white-yellowish 

2n 

1 i 

i 

« Do. 1 

Do. 

Do. 

K 

bo. 

i 

1 

Do. 

24 

i 

1 

1 Siak 

Do. 

Sticks, thicker in 

Yellow-reddish 

(^htt lighter, 


l 


Hie middle, 4 to 


leaved 

j 

1 


B.i lb. 


, 
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, 


H ^ . 




i 

= s . 

CC 2 X 


NaTURK ANT) QI’ANTIT 
OF Imi'i:hitiks. 

Vai.uk. 

1 

' NATT’ItK OK THK 

I Turk AD. 

p S W 

w § £ 
P3 w ^ 

-f: 5 

Nojks. 


• 

j 

o r* 

^ M 

W P “ 


26 per cent. 

Less ]iervy tlian 

1 Shrivelled 

4, 89 

11 


m 

Lanjerinassin 

i 

1 thread 

j 

I 




Few impurities, 

i 

Less hard and 

j Smooth 

1,0.‘3 

90 

i 

1 

1 

per cent. 

nervy, cools 

1 threads 





V('rv slowly 

i 




29 per cent. 

Do. 

Do. 

1,42 

17 


Much bark, 

Very ^oxxl 

, Shrivelled 

4, 24 

65 


uO per cent. 

(pijility, very 
nervy, (luiekly 

thread 





cooling 





45 })or <*ent. 

Do. 

: Do. 

2, 85 

125 


kfueh impurity, 

Very good gutOi, 

: Do. 

4, 57 

141 


44 per cent. 


i 




SJ4 per cent. 

Do. 

! 

, Do. 

1 

4,02 

1 

171 


Mucli impurity, 

lliU’d and 

Nervy ihrt'ad 

2, 24 

457 

Cannot bo used unmixe^ 

40 per cent. 

nervy, (juickly 




for el(‘ctrieal purposes. 


cooling 




# 

• 

\k‘ry pure, 

Su peri tv* 

Very smooth 

1,49 

147 

Several mixtures made F 

.40 per cc] A. 

(juality, fairly 

thread 



Sumatran natives callel 


hanl, little 




Souni. Contains red anc 


nervy, quickly 




white gutta in vary in } 


cooling 

1 



quantities. Scligmann-Lu 
saw the following mixture; 
made : 



1 


1 

(iutta Dcrrian (Dich 
obi.), 2. 






Gutta Sundeck (Pay 


• 




Lerii), 4. 



! 



Gutta Poiiteh (Boul 
Bal.), 1. 

27~per cent. 

Da. 

Do. ! 

1,42 

692 

No. 22 is the typica 


1 

1 




material for telegrajili-wir< 
mixtures. 

kluch bark, 

Fairly hard but 

Do. 

1,05 

900 

A kind of Souni ; th( 

50 per c^uit. 

tittle nervy ; 




tested sa^nple is a quite 

. 

cools fairly well 


• 


inferior quality. 
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25 



Bolungan 


GKO(JUAI*HIOAI. 

OUHilN. 


East Borneo 


Strongly formed 
pieces, clubs, hav- 
ing a hole on 
top which origin- 
ates by falting 
the thiniK'r part 
of the club on 
the thicker end 
when this is 
tu mod s e V e r a 1 
times. Small loaves 
(the best) 4 to 11 
lb., large ones up 
to 65 lb. 


AI'I'EAUANI'K. 


Blackish like 
soot, knotty like 
a club 


26 

Do. 

Do. 

Do. 

27 

Do. 

Do. 

Do. 

28 

Do. 

Do. 

Do. 

29 

Do. 

Do. 

1 )o. 

80 

Coti 

Do. 

Pieces alike, rolls 
of about 80 inches 
long and 6 dia- 
meter; thin rolled 
leaves ; the ends 
are turned over 
by hand, and show 
finger marks from 
kneading the 

gutta 

81 

Do. 

Do. 

i 

i Do. 

82 

Do. 

Do. 

Do. 

83 

Do. 

Do. 

1 Do. 

84 

Do. 

Do. 

} Do. 

85 

t Cotoman 

(?) 

1 

1 Small, flat loaves or 


. 

1 purls, 4 to 0 lb. 

1 


Do. 

Do. 

Do. 

Do. 

Like covered by 
a net ; the me- 
shes are filled 
out with yellow 
or yellow - red - 
dish pieces of 
wood ; many 
pieces arc 

marked, and 
are then nearly 
always some- 
what reddish ^ 
Do. 

Do. 

Do. 

i;o. 

Surface very 
smooth 


Aitkahanok when 
CtTT. 


White or violet - 
coloured, lets ruir 
out a sap which 
hardens at once 
in the fresh air 
on the knife ; 
leaved 


Do. 

Do. 

Do. 

Do. 

Plaiidy leaved, 
wdiito -yellowish 
or grey ; sepa- 
rates a sticks 
Huid, like the 
Bolungan 
Tilt- marked pie- 
ces have also a 
more reddish 
cut 


Do. 

Do. 

Do. 

Do. 

Very white ; se- 
parates a sticky 
fluid 
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o 

S § y 

NATCUK and QtTANTIT 
Of' IMI'L'UM’IKS. 

^ Vamk. 

NATTrUE OK THE 
Thhead. 

o cfl 

— W w 

« ■ » 

« i s 

w 

Vi 


» 

c ^ a 

£s - 
k’C 
if* 5 

GC 5 

Very clean, but 

Hard, nervy 

Shrivelled 

8, 54 

302 

adulter a t e d, 

gutta, cools 

thrca<l 


i t li large 
pieces of* bai k, 
about !) to 20 
and e\en 50 

easily 




grammes, all of 
the same shape 





and kind, pro- 
bably coming 
from ^he pro- 
ducing tree. 

They are so 
alike and regu- 
lar that tliey 





must come from 





a plant growing 
near the gutta 





tree, but it is 
more than like- 





1\’ that they 
come from the 





same tree. 


1 



80 per cent. 

1-10 „ 

Do. 

1 

Do. 

1,26 

810 

4fl ,, 

Do. 

Do. 

2, 47 

208 

45 

Do. 

Do. 

8, 89 

780 

^ i 

Do. 

Do. 

8, 08 

80 

Tiittle bark, 

80 per cent. 

Hard, fairly 

nerv\-, cools 

Fairly 

smooth 

1,87 

72 

The marked 

easily 




•piee<.‘s eoi^tain 

iThe marked 




more bark 

pieces are a 




• 

better quality 



1 

1 

i 

26 per cent. 

Do. 

Do. 

1,81 

120 

33 

Do. 

Do. 

1,54 

48 

38 

Do*. 

• 

Do. 

1,90 

458 

42 

Do* 

Do. 

1,20 

829 

No or little bark, 

^!ard, but not 

A’'cry smooth 

1,50 

3045 

but much 

•nervy ; cools 



water ; 30 per 

easily 




cent. • 

• 


. 



The best of tlio kind for 
insulation; ditticult iu 
inanufactiirijifT. 


Somewhat like the Gutta 
liolunfuui. 


The separated fluid Ltnells 
like foul cheese. Loss b^’ 
washing, 80 per cent. ; of 
these onlv 2 pci* cent, firm 
substance? 
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as 


Kclatan 


Do. 

Do. 
Pahaiifjj- 

Whito i 


Do. 

Assahan 


A'^ \ Tringanaii 


GKdiiKAl'HICAL 

Ohkiin. 

! 

Form. Ai’I’Kauancf.. 

AI'J'KAHANCK whkn 
Cut. 

North-east 
of i\ralacea 
Peninsula, 
North of 
Pahang 

Dalis about 1 to ‘2 j Wlu'U fresh, pink 
lb., consisting of and wax-like; 

threads, analogous later, chalk 

to African caout- j white 

choue balls of 

th reads 

Very white ; sc 
parates a stick, 
fluid 

Do. 

1 Do. 

1 Paliang 

1 

Do. l>o. 

Do. ' Do. 

Dalis of more than ; Chalk-white 
! lead si/e 

j ' 

Do. 

Do. 

Can be pulver 
ised 

1 

1>0. 

North-east of 
Sumatra 

Do. ! Do. 

Do. 1 Do. 

1 

Do. 

Do. 

1 

I North-cast of 

Do, Do. 

' Do. 


the 


Mala- 
vaii IVaiin- 
sula, oil the 
hank of tlie 
Kclatan 


}]oula-Jialani; Malacca 


Ill-sliapcd piece's,: 
pressed to blocks, | 
as they otlierwisi' ' 
pulverise 


Do. 


Do. 


44!Giitta- Sumatra 

I Poll tell ; 



COMMERCIAL NOTES 


209 


NaTUIIK and QuANTrTY 
Of Impuritiks. 

V'alue. 

» 

Natdrk of the 
Thukad. 

1^ < 
o X . 

2 K £ 

O C 5 

H « . 

2 s * 

0! O 3 

W rj * 

wS « 

3 5 H 

2 W H 

Notes*. 

30 poi' cent. 

Easily pulver- 

Very smooth 

1 

2101 

Two kinds are known by 

« 

40 „ . 

ised ; on the 
whole not 

very hard ; 
cools not very 
easily 

Do. 

Do. 

0, Of) 

743 

this name ; the one shows 
plainly that it is the same 
as gathered ; this is the 
Gutta vierge (No. 86) ; the 
other consists of two parts, 
an inferior kernel, covered 
with a superior material. 
The quality becomes brittle 
after a little while. 

33 „ „ 

Do. 

Do. 

0, 9H 

1038 


40 „ „ 

Fairly nervy, 
sticky, cools 
easily 

Do. 

Verv smooth 

1, ir> 

860 

The surface consists often 

19 „ „ 

thread, but 
ditlicult to 
work by it- 
self, be- 
cause it 

sticks to the 
cylinders 
* Do. 

1,16 

743 

of a layer of nervy gutta, 
only a few millimetres 
thick. Smells like fresh 
cheese. 

20 „ „ 

A little inferior 

Do. 

0, 90 

743 

Tlie surface consists often 

31 „ „ 

• 

• 

to the above 
quality, more 
sticky, docs 
not cool well 
Do. 

Do. 

1,18 

743 

of a layer of nervy gutta 
only a few millunetrea 
thick. Smells like fresh 
cheese. 

Do. 

31 „ „ 

Soft gutta with- 

Cannot be 

0, 52 

C a n- 

The tree is not nearer 

t 

out nerve ; 

used by it- 


not be 

described ; grows in 

• 

the pieces 

stick together 
even a few 
da^'s after 

they ha\e 

been cooled. 
Talc has to be 
used to pre- 
T G n t 4 h c 
forming: of 

one mass 

• 

t 

• 

m 

self for 

manufac- 
turing pur- 
poses 


fixed 

the marshy parts of 
the gutta countries. All 
gutta qualities are to a 
certain extent adulterated 
with this material. In 

1 spite of low price there 
j is little demand, probably 
because there is suffi- 
cient contained in the 
white gutta, and the 
latter must be used 
for mixing to mcjte 
this quality at all useful. 

• 



ri:bbee, gutta-percha and .balata 


m 

Leon'Brassc did not hope to tabulate all the sorts on the 
market, he had to choose amongst the known commercial 
onalities before he could tabulate the mentioned types. The 
notes as to origin were supplied by w('ll-informed importers and 
local Singapore traders. All sorts concerning which there are 
dilTerences of opinion regarding value, although their physical 
and chemical character give a homogeneous whol(‘, have not 
been taken into account. Other known sorts bad iilso to be 
omitted because tht' varitdies of the results did not permit of 
counting them as fixed types. Only one quality of this kind, 
called Sarapong or Souni, has been talcen as an example. The 
mention of tlu' numerous irregular mixtures which come daily 
on the marki't has been avoided, and also the so-calkal “ boiled 
u]) ” substances of inferior quality which (.'binese middlemeu 
concoct on lioard ship or produc(' in some bidden corner or 
cellar. 

It is impossible to purchase, a quality of distinct origin from 
the import(M-s : the material has to Ih^ taken as it conn's, t.c., as 
the traders in Singapore or .Macassar compound it. Each firm 
marks its products with a brand of its own, and they are com- 
poumk'd according to their mechanical pro]H'rti('s ; every new 
supply brings surprises, and often of a disagr('eable kind. This 
do(‘s not much matter if the matt'rial is for ordinary use, when 
a cheap ju'ica; is of greatcu* im[)ortance than quality and dura- 
bility, but for (dectrical work, and ('specially for submarine 
cables, it is of the greatest inqiortance. 

It has been stated that nearly all giitta trees of Sumatra and 
the ^^lalayan west coast are known, but that thos(‘ of the 
Malacca east coast are still unc(‘rtain. TIk' Sumatra gutta- 
percha has never Ix'cn look('d upon as lirst quality ; the so-called 
Macassar (jualities, which come really from Hanjeimassin, 
Ivotaringin, Eoti, Bolungan, and Sandakan, have always been 
ranged higher. Pahang has recently started exporting some 
gutta which surpasses in (juality all other products, verifying 
the statement of Seligmann-Lui , but it is difficult to believe 
that the Pahang quality is, like the Borneo, a product of the 
Palaq Ilium genus. 

The latex of the Palaquium thickens directly it leaves the 
tree, making it impossible to collect it without parts of bark ; 
all explorers arc unanimous on this point. The gutta-percha is 
therefore al wary s' colon n'd by substances contained in the bark, 
wbic^j caA ’be noticed when the material is cleaned and boiled; 
But the Pahang gutt?.-percha is a whitish-yellowy and contains 
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only a few impurities. Two conclusions can he drawm from this, 
either the latex runs phmtifully, and does not coagulate directly, 
as with the Paycna Lcrii, and the trees in Soupayang an^l 
Halahan, or the gutta-percha is very clean, and as it does not 
absorb the (X)l(iuring material of thi^ l)ark it must l)e another 
kind. Nothing is yet known about the I’ahang triH's, and their 
supply and collecting imdliods are still o])scin-e. Treys' report 
about the Ikjrneo gutta-percha is quite contrary, regarding 
colour and supply, to all otlu'r rala(|uium results. It is, tlu're- 
fore, more than likely that the gutta tree of North Boinco is 
not a lkila(]iiium. Tb(‘ Sandakan gutta is like the Ikihang; it 
is very clcain and whitisb-ydlow. Sarawak is moi’e reddish, 
and shows a large and scaaniiigly wilful adulteration with bai‘k ; 
whitf* V('ins can always b(‘ found, but they show tew foreign 
substances. 

Not much can b(‘. said about the (pialities (‘oming from I’onti- 
anak. It has been stated that the territory contains Ikdaqnias. 

A comparison Ix'twcen the related l\x)taringin and Banjt'r- 
rnassin sorts is inteia^sting. Kotaringin is a very clean and 
often (juite \\ hite gutta-p(‘rcha, whereas Jlanjcuanassin contaijis 
much bark, and is always strongly coloured. If th('S(‘ pieces of 
bark came from the collection, and if these' giitta-peu'chas had to 
be manipulated for chaining as described for the Talaquias, llie 
Kotai’ingin w'oiild be tlu' b(*st waslu'd and most natural coloured 
quality of the two. J3ut this is not so. ]t is more than likely 
'that the Baiijh'rmassin inqHirities an* added afteu’ the telling of 
the trees to mislead any inquirers, and to rdain the evidimtly 
\V('ll Inlying; monojioly. 

The same can be said of the very white and fuire Maragiilai 
gutta-percha. 'The Jtagaii and Pegan gutta-piuchas have 
different ])ro])(‘rties distinguishing tliein fioin the Palaquias ; 
they are more like tlu' balata of the ?il imuso[)s-Palata . and the 
Pagan gutta-percha suggests especially not a coagulation but a 
vaporisation of the lat(‘x, as used in (iiiiana, or by th(‘ 
Sumatra method. 

The Sumatra gutta-pei’chas are ])roducts of the Pdlaquiiun 
ohlongi folium, moi;(! or less mixc'd with the Paycna Lrrii; the 
Bouha-balam are [U’oducts of h'ss-known gutta ])1ants. The 
Palang gutta -fiercl^i has all characteristic signs given by the 
explorers to ihe Palaquias, red colouring, bark, etc. , etc. Souni 
is only an unknown mixture in difh'rent proportions. 

The* botanical origin of the Bohmgan and Coti gemis can 
only be fixed with difficulty. Were it^ not for the sjiecific 
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resistance the same could he said as for the other Borneo gutta- 
perchas, l)iit th(‘ specific n*sistance is much higher, and in- 
creases with every collection. Xos. 29, 30, and 32 of the tables 
are qualities whicli hav(' hecui collected during ten years, the 
othc'rs ari‘ youngiu’. 9’his has been brought about by the failure 
of tlie Sandakan. now the natives have to make' different mix- 
tiiH'S. 'rh(‘ higlicr sp(‘cihc n^sistance is probably caused by 
the latex of the Paifcnu Ijcrii. ddiis tree supplies such a latex 
as can be seen out of Xos. 35 and 30 of the tables, but the latex 
easily forms resins, giving a higher resistance, but making the 
gutta-percha brittle (see Xos. 37 and 38). Here is the reason 
to be found for the rejection of the exclusive use of gutta-percha 
for the higher insulation in cable production. Small quantities 
ai'e used, but the desin' for easier working must not transgress 
the limits of the calculatkui, otherwise faults caii arise which 
will be noticcaltoo late, and many of the drawbacks only show 
after the manufacturer has ceased to be responsible for his ])r(>- 
duction. 

The qualiti('S coming from Assahan and Trenganu, also the 
white Pahang gutta, are undoubtedly a mixture of Payena and 
Bouha-balam latex. All the white gutta-perchas have a smaller 
specific resistance than the products of the Payena latex, and 
this is probalily the rc'ason why the very resinous Bouha-balam 
latex is added, but nothing definite can be stated, as the specific 
resistance of the Bouha-balam has not yet been fixed. 

Ijeon Brasse’s opinions may be summed up thus : — 

(1) Ail superior sorts of gutta-percha have a small specific 
resistance, and it is by no means proved that they are the 
product of Pala(]uias. 

(2) The (Tutta-Pahang, the product of the Pal. obL, is a 
gutta of medium quality, and its specific resistance is very high. 

(3) The qualities Bolungaii and Coti, which were formerly 
used, have small resistance, which now increases more and 
more, and care has to be taken w hen they arc used. 

(4) All white sorts have a high resistance, they cannot be 
used for manufacturing cables, not even when mixed with small 
quantities of other products. 

(5) It cannot be asserted that only gutta-peicha of the Pala- 
quium tree was used for the first submarine cables. Its specific 
resistance is about 4(X),10r) Megohms, but thera is no cable 
knowui in England which has a resistance over 120,10G. 

(6) The best sorts of gutta-percha are Pahang," Sara w'alk, and 
Sandakan. 
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The most prominent and nearly exclusive trading’’ centre for 
the export of raw ^iitta-percha from the jNIalayan Archipelago 
is Singapore, and here the Chinese liave nearly the whole of tl^e 
trade. All the sujjj^)lies from the islands, and also the smaller 
quantities from Bengal, Burinah, Cochin-China, Japan, and 
even Arabia, centre here to fijid th('ir way to the industrial 
markets. It is noteworthy that thi‘ export largely exceeds the 
inqiort into Singapore, and the ex])lanation of this can only be 
the manipulations or adulterations by tlu; Chinese merchants. 
According to (). Colld (“ ITudes sur la (lutta-percha,” 1902, 
Bruxelles), th(‘V are rightly or wrongly accused of manufac- 
turing in the sho])s any (piality or quantity to order, not shrink- 
ing' from the most shaimdess dc'ception. The import and 
export to Singa])or(i giv(‘s a picture of the total raw gutta- 
percha production. According to the Straits Settlements 
(lovermnent’s (ia/adte, bbu'books, and statistical reports, K. 
Obach calculaU'd the (piantily of imported gutta-percha at 
Singapore for th(‘ ])eriod at o42,081 cwts., valued at 

T3,o47,7H7, giving an average price of Is. 2d. per lb. JTe 
attach(‘d table groups the value in four dilTorent divisions, which 
give an idea of the pioduction of th<‘ difhu’ent kinds and their 
avei'age valiK?, which varies hetween 12.9 and 17.5 pence per lb. 


Import of Raw Gutta-percha in Singapore (Quantity and Value) 
. from 1885 to 1896 Inclusive. 


Orkh.n, 

li-Sj. 

j IhSO. 

1 1KS7. 

1888. 

; 1889. 

1890. 










1 

• • 

Cwts. 

£ 

1 C-’wts. : jL' 

Cwts. 


('wts. 

£ 

' Cwts. 


Cwts.! £ 

i 

Malayan 

Peiiinisula 


22,.%4 

: /,H97 1 10,920 

i I 

1,352 

8,418 

1,020 

5,378 

1,9J18 

15,429 

982 I 8,275 

Borneo, Sniu 
Islands, Labium, 
Celebes, Natocna 
Islands 

3,^50 

26,707 

: 4, .508 1 28,291 

; i 

3,186 

19,981 

2,9.50 

21,928 

4,251 

1 

29,fl91 

2,231 1 10,044 

j 

Sumatra, Java, 
Bali, etc. 

47,120 

207, .%5 

: J;i,7:i7 1 216,350 

; ! 

,30,090 

212,924 

34,083 

274,809 

71,789 

:384,379 

21 ,.323 150,480 

Arabia, Bengal, 
British Burmah, 
Siam, Japan, 
Cochin-China, 
etc. 

12 

i 

71 

• 

• 48 a31 

i • ! 

f 1 

1 

i 

j 

1 

1 

1 : 


i 1 

! 1 

I 1 

375 

1 

:i9 ! 200 

• 

Total • 

54,291 

2fi0,497 

I 41,190 1 201,898 

34 ,.578 

244,35.3 

; 38,059 



.3t)2,17.5 

1 i 1 . 

181,075 , 429^74 24,575 1 174,999 
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Import of Raw Gutta-percha in Singapore— 


Oru^n. ' 

’*1891. 1892. 1 

893. 1894. 

1895. 1896. Total. 

] I 

Cwts.i 

4* Cwts. 

£ Cwts. 

£ 

i ' 

Cwts.' 4 Cwts.i .t‘ Cwts. jE " 

M&Iayan 

1 

3,148 j 29,358 , 4,981 

59C58 3,095 

24,024 3,147 

25,090 

3,508 27,070 4,760 ! 88,124 31,332 280,434 17,5 

Peninsula 

i 1 


1 

1 


1 

Borneo, Sulu 

i ! 

19,011 i 178,871 m,mi\ 

156,907 21,044 

1 

144,442 {20,239 1147,031 

17,632 123,978 17,711 147,978 137,329 1,041,549 16,8 

Islands, Labuaii, 

: 





Celebes, Natoena 

i 


1 



Islands 

: 1 

1 

i 


1 1 '-3 

Sumatra, Java, 

1 1 

30, {17(5 222,912 19,5,54 

1.55,130 ^20,247 

103,921 j23,(530 

109,(582 

15,971 91,472 18,.502! 93,927 370,028 2.223,411 12,9 

Bali, etc. 



i 


i ; 

1 ‘ 1 

Arabia, Bengal, 

1 ' 

8-1 1 911 ' ... ; 

8 ! 

2(5 : 66 

177 

1 1 ■ 1 • 

i 31 210 7 62 892 2,„y8 18,1 

British Burinah, 

i ' 

1 

1 


! ! 1 

Siam, Jaimn, 

! ' ' 

1 




Cochin*Chiuu, 


1 

1 


1 ' 

etc. 

! 1 

! 

1 


' , i 

i 

i 

Totai. ! 

1 

53,21 1 ' 4.32,082 144,001 ' 

371,095 45,294 i 

272.413 47,082 1 

281,9.80 ! 

37,112:24:5,630 |40,980 280, ('91 {512,081 3,547,787 14,0 




. . ’ 

' 


' ^ . . . . 


The total export of raw gutta-j)erclia for the sanu' time, 1885- 
1890 (including both these years), from Singapore amounted to 
619,377 cwts. of a total value of -1 ,855,791, an excess of 
77,290 cwt. and .4*1,308,007 over tlic import. These ex])lana- 
tions arc olTered for this remarkable phenomena : large surplus 
quantity left in stock before th(‘. fX'riod 1885, unreliability of 
the statistical record, and the already mentioiu'd manipulation 
and adulteration by the merchants; probably the three reasons 
combined account for tlie extraordinary result. The countries 
absorbing the given (piantity of raw material coming from 
Singapore (the figures are those for 1885-90) range as follows : — 
Great Britain . . . 470,770 cwts. 

France .... 51,215 ,, 

Germany .... 47,151 ,, 

United States . . . 37 ',‘891 ,, 

Asia 4,241 , 

Holland .... 4,202 ,, 

o Italy 895 %, 
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Two-thirds of the total export of Singapore went to England, 
and England re-exported. 


1885 

1886 

1887 

ISSS 

1889 

1890 

9,069 

11, 5l^ 

8,821 

8,373 

8,304 

11,456 cwts 

1891 

1892 

1893 

1891 

1895 

1896 

6,408 

7,989 

7,1 HU 

9,975 

12,536 

14,497 cwts. 


a total of 110,980 cwts., heaving not quite Ihrec-foiirths of the 
import for lioni('-i)roduction and stock. Tlie English re-ex])oj-t 
in 1885-90 found its way to : — 


Gcmiany about 48,100 cwts. 

Era nee ,, 20,000 ,, 

Holland ,, 10/100 ,, 

United Statens ,, 11,500 ,, 

Oth(‘r countries ,, 11,300 ,, 

Englisli coloni(‘s ,, 3,700 ,, 

The import and exj)ort of a i‘a\v gutta-percha for tla* years 
1897-1900, according to a |)uhlication of the Ihiglish Colonial 


Office, \verc as follows : — 

ImPoUT of llwv (U: I’TA PFUCirA IN Si\(t Vi'OKi:. 

’ IHOO-iyoO. i JQOO-iyOl. ; 1!K)1-11>()2. 

St'asoM : ! . .1 ._j_. . ' _ ... ^ 

April —Match. ' ! ! ' i i i 

ipii-iils. j cwts. piculs,! cwts. jticuls. | cwts. ; piculs, j cwts. | piculs, | owts. 


• i ‘ ! i ' ■ 

OuKiiN; ' ! i I I : i 1 : 

Malacca atul Pen- I ' , 

an-; - - ‘2,s:}'.) ! l/STP a.UW :5,701 a.SlO 1,0:11 i 

Britisli North , I ' I ' 

Uornct* - •- 1)90 i 1,I7() 1.127 1,008 907' 1,118; 

Labutui ■ - 240 1 280 42:0 00;i (M), 8as , 

Dutch po.sscssions 1 27,2;{9 I ;J2,040 19,092 ; 08,8!)0 , 01,900 , 01 ,008 : 

Malay Peninsula • 1,991 2.;m7: .jjop, j,;,r>0 2,010 

Sarawak * 2,20)0 2,001. 0,072; 4,001 0,102j (>,()9,> j 

Other countries -| 19 20 81; KH): 109 10.> j 

j .00,000 j 09,8.07: an, 089; i | 

Fi.Xi'nllT OF ll.VW (.U TI'A Pl.KCHA FROM SiNOAPoRK. 


Dfsti.vatiox : 


UFS riNA I'KRV : 
United Kingdom - 

28,2.00 

oo,02;i 

01,104 

00,740 

01,970 1 

7.0, .590 ' 

Penang 

00.0 

090 

021 

:{80 

200 ' 

010 

(iennany 

10,099 

1 1 ,990 

10.997 

20.180 

8,1 10 i 

9,00S 1 

France - 

0,:409 

*0,040 

0,800 

0,92;{ 

0,98;{ : 

8,290 I 

Italy - 

il 

88 

297 

000 

104 j 

109; 

United States 

1,104 

1,017 

18,448 

21,907 

000 1 

0:10 ; 

Belgium 


1 » 1 



121 i 

144 

Other countries - 

2a8 

; 247, 


•no' 

189; 

j 

221 ' 


45,417 

■ 


90,098 

1 

j 

78,043 ' 

1 



S.li.—X picul 13010.^ 
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These tables show the same misproportions in the important 
export of Singapore as those quoted for the years 1885-96, and 
this must certainly be considered as very remarkable. 

The statistics published by the Loudon Chamber of Com- 
merce give the total import of raw gutta-percha, including 
balata, for the years 

:1897 1898 1899 1900 1901 

as 11,142 63,238 82,197 126,059 83,438 cwts., 

whereas the exports, also including balata, amounted for the 
same years to 

7,674 10,278 7,502 15,266 10,936 cwts. 


Idle re-cx]>ort was distributed over 


Piussia 

329 

101 

28() 

82 8 cwts. 

(Jermany 

2.306 

1.215 

2,130 

(),750 3.553 ,, 

Holland 

2,038 

3,236 

708 

3,(i98 3,139 ,, 

13(‘lgium 

120 

436 

126 

;!77 'i-l? „ 

France 

1 ,938 

1 ,242 

707 

l,9;3u 1,157 „ 

United States 

675 

910 

3.t)67 

2,014 1,644 „ 

Other countries 

268 

138 

176 

410 894 „ 

Bc'sides Liverpool and 

London tlu^ 

)iri))cipiil markets for 


gutta-percha in Europe are Marseilles, Rotterdam, and Ham- 
burg. Kotterdam and the whole Netherlands have permitted 
the English markets totally to ahsoi’b the Dutch colonial gutta- 
percha trade, whereas llamhurg becomt's more and more a 
direct importer. It is a pity that the statistical office at Ham- 
burg does not differentiate between giitta-p(U-cha and balata, 
they are thro\yn together, and separate figures arc therefore not 
obtainahle 

Hamburg's total import of gutta-percha (and balata) is re- 
corded as 

1899 1900 1901 

17,957 20,656 16,697 d.z. 

one d.z. = 100 kilos -= 2 cwds. 

The clear view of variations in price on the international 
gutta-percha market, possible in the case of caoutchouc, cannot 
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be given, because gutta-percha lias not the necessary (Ichnitions 
for qualities to permit a distinct recognition of each kind. To 
this must be added the change in quality of the different kinds ; 
some have disappj^ared, otluu’s have come fresh on the market^ 
and several qualities are now called by quite different names. 

The gutta-percha marked is not (‘xposed to such strong and 
suddtui changes in price as th(‘, caoutchouc market; the prices 
clicinge only rarely and it is seldom that a great variance has 
to be ri'corded. liach species has generally a scale of three 
prices, according to the quality, which are called first, medium, 
arid lower quality. According to the species the ])rices vary 
from about o dollars pin* [)icul, as for instanct* for Gutta Djiloe- 
^ong (Dead Borneo), up to 4o() dollars for Bila 1. rouge, and 
bOO dollars for tine Pahang nal. To fix an average is im- 
[lossible. 



V.— Chemical and Physical Properties of 
Qutta>percha. 

The diHcrence in origin and tlu' rare occurrence oC pure un- 
adulterated material produced from one and the same kind of 
plant makes it impossible clearly to fix the physical and 
chemical proper! i(‘s of gutta-pei’cha in all cases. The following 
observations are based on tests of the Ixdter-class sorts aiid can 
on the whole be taken as correct. 

Pure gutta-percha is colourKss, and when finely cut, trans- 
parent. A sheet about J-millimetre thick laid on a white object 
has a sjiecific colouring between jiink and g]‘eyish white. It is 
tasteless and inodorous, and if it smells it is on account of 
decomposition. The material has a c(‘llular structui'e, but 
when firmly stretched it becomes fibrous and is very strong in 
the direction of the pull, at thf* sanu' time losing strength in the 
other din'ction, and breaking when put to a strain on this point. 
Single [)i('ces are not adhesive und(‘r ordinary ti'm])eratures, but 
when heatiHl on th(‘ surface' and pressed together they adhere 
together, and the pic'ces cannot Ix' detached without injury. 

I'ndc!’ ordinary temperature it is thick, smooth, very tough, 
and little elastic: the better (pialities re'sist a tearing^ stiain of 
about kilos f)er square millimetre wlu'n stretched 50 to 00 
[)er cent. ; it can be folded, pulled, tied in a knot, and as ('asily 
cut to pii'ces by shar])-edged and ]K)int('d tools. The elasticity 
is the same as that of soft leather. (lutta-p('rcha is imperme- 
able, but has a certain porousness ; placed in water it absorbs it, 
but only in the cells on the surface'. 

The specific weight is as a rule 0.070 to 0.000, but in reality 
it is heavier than water. Strongly pressed piece's do not float, 
their specific weight is about 1.010 to 1.0’20. 

At a temperature? of 00^ F. gutta-percha bee^^omi'S soft ; at 
122^ it follows the slightest pressure, at 105^ it becomes plastic 
and can be kneaded and moulded into any shapew’ which it 
retains under usual temperatures. At 265*^ the material melts, 
and if boated to a higher degree it bubbles and distils a cofour- 
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less oil. Broiip^ht into contact with a flame it ignites quickly 
and burns vvitli a shower of sparks, leaving a blackish residuum. 

Cold does not affect gutta-percha much : at several degrees 
below zero uo dianges are noticeable. The sanu^ can \h) 
obs('ived b}/ contact witli cold watei’, of which it absoi'bs a little* 
in tile surface pores. Jjike vulcanis(‘d caoutchouc, gutta-pcr*cha 
is presei-ved best in cold water, and both are equall}^ alfected by 
atmospheric air and light, which S(‘ein to cause an oxidation. 
When inoistc'ued gutta-percha is exposed to the' sun’s rays, it 
beconu's Inittli', pliable, loses in electric rx'sistaiua*, and becomes 
aj; last rtsc^lf an electric conductor. Cdark and W^ A. Miller 
have made interesting exj)erinients on the infliumce of air and 
light. Equal quantities of the same material were kept for 
eight months under the following conditions ; — 

(1) . Ill air and light, prot(‘ct(‘d from wat(‘r. 

(2) . In ail’, prot(‘cted from light. 

(3) . In [)ur(.' wati'r, with access of air and light. 

protected from light. 

,, |)roti‘cl('d from air and liglit. 

(()». In sea water, with access of air and light. 

,, pro! ect (*d IVoin light. 

., ])rot(a’t(‘d from air and light. 

.1 he sam tiles, 3, E 5, h, 7, and 8, showed no changt's beyond 
a slight addition ol wtdght causi'd by the hltriition in water, 
bample I , which had Ixam rollial and [ilaced in an upturned 
bottle, had added o per cent, oxygmi, and 55 per C(‘nt. of the' 
maj^s exjiosed to light was I’esinous and brittk*, whereas the 
parts not ('Xfiosial to light had hardly changial in striieture or 
apt)e;y^’ance. Sanitik' 2 had undergone little changrw it had 
added h jier cent, to its wanglit, and when treati'd with alcohol 
showed 7.4 [ler cent, resinous contents. A similar test, c'xjxis- 
ing a sample of gutta-percha foi’ two months to the light, had 
another rt*sult : the matei’ial had added b.b pc'r cent, to its 
weight, was brittle, and showtal 21.5 pin- cent, resinous contents 
when treated with alcohol, wlimaNis a fiiece of the same kind 
kept ill the dark showed no noticeable changes. This proves 
that the infliu'lices of air and light are not always the same and 
depend more or kess on the qiialitativi' properties of the gutta- 
percha. ICo prevent the di.sastrous influences of oxidation ' 
10 to 12 per cent, of wax or tallow is added, but the best protec- 
tion*against*oxidation is to keep the gutta-pc'rcha in waiter. 
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Giitta-perclia is a bad conductor of lieat, and even a worse 
one of el(‘ctricity ; when stron<:ly rubbed it becomes cl('ctric, 
jiFid when rubbed with silk it »ives ek^ctric sparks. In its 
resistance, to tb(‘ electric current it is unuppi*oach(‘d by any 
other known plastic material, and it retains th«'S(^ f)roperties in 
th(? earth as W(‘ll as under water; it is an insulator par cicvl- 
Icnce, WunschendoriT stat(‘s th(‘ electric resistance of 
percha at a teinp(Tature of 75® F., copjH'r taken as a 
unit as() x 10^^ ==- 00,000,000.000,000,000,000. This cannot 
be said of all sorts which come on the market, and the exact 
standard of electric resistance and the electrostatic capacity 
varic's in each sort. As an expression of electric resistance of a 
circular cylinder, the formula 


11 


A log 

L - 


is applied, in which Tl is the n^sistaiice, A the specific insula- 
tion constant, 1) the external, and d the inti'rnal diameter, and 
L the length of th(‘ cylinder, d'he spi'ciiic electrostatic capacity 
of the giitta-])ercha, the air as a unit, is 4.2. As fonmiia for 
the cajiacity of a circulai* conductor of gutta-percha. 


A L 

I 

log nat , 


is applied. (’ is the electrostatic capacity, .\ th(' s[)ecific induc- 
tion capacity of the gutta-[)ereha, L the lengtli, and D d the 
external and internal diameter of th('. cylinder. The honour of 
having fixed the enormous nsistanei' of gutta-percha to elec- 
ti'icity belongs to tlu* English physicist Faraday, who dis- 
covered it in 184‘h 

(lutta-percha is insol ubh' to most reagents. In cold water it 
cannot be dissolved, and when it is softened in boiling water or 
steam, it does not change at all. Jn impure cold alcoliol it docs 
not dissolve, but the puna* tli(‘ alcohol the greater the solvency, 
increasing with the tcanperature, and in boiling pure alcohol it 
loses 15 to 20 per cent, of its constitnents. It is partly soluble 
' in oil of turptmtine, olive oil, and a few minc'ral oils, but still 
more in ben/in. The best solvents for it are bisulphide of 
carbon j^/ad chloroform. Gutta-percha resists cori'odent aika- 



CHEMICAL AND PHYSICAL PROPERTIES 


221 


lies, ammonia, and iinoxidisim^ mineral acids; cofccentrated 
hydrochloric acid has no effect, but concentrated sulphuric and 
nitric acids, also free chlorine, affect it very strongly. 

Gutta-percha as put on the market is not suitable for chemi- 
cal tests, a preparatory treatment is needed before analysis. 
Payen dissolved ordinary gutta-percha in sulphuric acid, fil- 
tered it, let it evaporate on a marble or glass basis in the open 
ak, and then cooled it in water. 

INIiller states that 100 jxirts of ordinary eommtTcial gutta 
thus treated giv(' 


Pure gutta-percha . . 70.70 

Pesins . . . . 15.10 

\"eg(‘ta()U‘ fibre . . 2. PS 

Water .... 2.50 

Ash .... 0.52 


^riie extracted ri'sius wc'R' groiijx'd in six variations accord- 
ing to tlieir solvency in ether and alcohols, d'ht' [)iire gutta- 
percha prt'part'd aftei- Payen’s recipi* showed 

(iutta . . 7S— 82 per cent. 

Albane . . 10— M 

Iduavile . . t> - 4 

TOO 

Fluavile is a transparent yellowish resin, a little heavier 
than water, and soluble in cold alcohol : it is hard and becomes 
brittle at freezing- ])oird, ; at 122° V. it htromes soft, at 140° 
plastac, and at 21t)° to 280° (pjite fluid. According to Oudemans 
it is a compound of 


Carbon 

1. 88.80 

11. 88.52 

Hydrog(‘n . 

11.17 

1 1.42 

Oxygen 

5.47 

5.00 

• 

loo.oo 

100.00 


and has the foriiiula (IjoIFA). 

Albam^is a white crystalline resin, heavier than water, and * 
becoming fluid at a tcanpiu’ature of 820° k., it is impervious 
to hydrochloric acid, and is soluble in benzin, oil of tn^’pentihe , 
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bisulphide of carbon, ether, and boiling alcohol. According to 
Oudcnians it is a compound of 


Carbon 

J. 7ft. 87 

IT. 78.95 

Hydrogen . 

10.58 

10.31 

Oxygen 

10.55 

10.74 


100.00 

lOO.OO 


and has th<^ formula 

Gutta, the main (dement of gutta-pcardia , is impervious, 
smooth, between 5 (P and F. not elastic, but softcms at 
114°, when it colours brown, and becomes, with tlu' rise cf 
ti'inperatiire, more or less sticdvV, and giv('s, on distillation, a 
hydnjcarbon whi(di is not unlike caoutchouc. Towards acids, 
diluted alcohol, ether, and (diloroform , it acts lilo' gutta-])ercha. 
Oudemans stat('s its compounds as 


Carb(m 

1. 87. (U 

Hydrogen . 

11.79 

Oxygen 

0.57 


100.00 


H. SS.IO JIT. s:i'2() 
11.77 12 . UO, 

0.13 

100. 00 


which gives tluj formula F 00 II 3 - or Fr.lTs. 

Ill closing this chapter tlie animal eiKunies of gutta-percha 
must be mentioned as tlu'V very oftcm destroy gutta-percha 
insulated dectric liiu's. In Hk* s(‘a it is tlu* T credo naralis, a 
worm about twdve irudu's long, and also the Limnorium JAq- 
norum or TcnchranSy a crustaci'ous animal of the size of an 
ant. The lattcT are dangiu’ous, owing to their small size, 
wdiich permits tlnun to enter the smallest holes. Land cables 
are often attacked by rats, and the Tcmpjrtonia cry^^tdllina, a 
microscopic small insect of th(' Lodura family. The imemies 
in the sea can only be guarded against by a metal armature, 
and on land the embedding of the cable in cement is necessary. 



VI. — Manufacture and Application 
of Qutta-percha. 

Before tlic raw ^utta-p('rclKi can be used for manufacturing^ 
purposes it has, like caoutchouc, to undergo several prepara- 
tory treatments, to make it suitalhe, and to remove foreign 
sdl)stances, such as sand, earth, wood, hark, and otlier im- 
purities. Several simple methods an* adoptc'd. ddie raw 
|1ieces, loav('s, or blocks, are hrst cut into slices on tlu' cutting 
machine, and come then on a drum s[)ik(*d with k'nivc's, to 
continiu; the chopping ])roc(*ss. The triturati'd material is 
plimged into cold water to remove the heavy com])Ound from 
the lioating gutta-pendia, befon* it conics into tiilis with hot 
water, where it I'cmains until it is soft, when the chopped 
pieces b(*come again one plastic substance. 

(dutta-p('rcha not repuiriug the higlu'st (p.alities and pi*o- 
]n'rties for eh'ctric use can now at once be prodncM'd, and many 
are the articles for technical and otlu'r j.)urpos('s which are 
made of it. Ihit if tin* mati-rial has to lx* used for the tinest 
electrical work, all traces of wat(‘r and air-i)ul)bl(*s havi* to be 
removed, and this applies (‘specially to gutta-pei’cha for in- 
sulating, which must be an absolutely liomog(*neous mass. 
To attain tlu; needed perhetion the matt'iial has to undergo 
several ofher ])rocesses. 

It is put next into the real washing-machine, which consists 
of an^)utcr iion case, which has in tlu* interior a hollow cylin- 
der with another iron shaft w ith four, five, or six winds. The 
outer case can be closed by a. cover, ddie inner cylinder has 
also a cov(‘r through whi(di the gutta-pendia (‘liters, ('ase and 
cylinder are filled with water, lu'ated by a dinxd supply of 
steam. As soon as the inn(‘r shaft is .set in rotation by a trans- 
mission gear, the gutta-percha is forced betwe(‘n the walls of 
the cylinder ayd the wings, and to increase the elfect two nose- 
like rails are fitted on the bottom of tin* cylinder, thus narrow- 
ing the space through which the matc'rial has to pass. The 
washed oirt impurities of the gutta-percha fail on the bottom of 
the ^ylindei; and through small holes in the outer case, where 
they settle dowm and are removed fron-^time to time (Fig. *25). 
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Out of the washing-mill the gutta-percha comes into the dry 
kneading-mill (Fig. 2G), which is similar to the washing-mill , 
with the exception of the outer case. In the interior it has a 
fluted shaft, and the grooves run either along the axle of the 
pihaft, or, with more or less variation, they rhn in a spiral line. 
The kneading is the same as the washing, excepting the water ; 
the needed temperature is introduced by steam, which plays 
between the double walls of the cylinder. Some kneading- 
mills have two hori/.orvtal shafts side by side, which work to- 
gether, and for these con- 
structions a fluted and a 
smooth , or two e(|iial shafts 
with slanting elliptic rings 
are chosen. The shafts ot 
the latter kneading-mills 
are so fitted in that the 
discs or rings must cross 
when running. 

From tlie kneading-mill 
tb(' gutta-percha (!omes 
vc‘ry often in a press (a 
straiiu'r), consisting of a 
cylinder which has at its 
lower end st'veral sic^ves 
on top of one another, each 
witli difl'erent sized nu'shes or perforaled bottoms. Tlie meshes 
of the sieves or the perforations of tlu' bottoms get smaller the 
lower they stand, and the top ones are very wide ; thc' V(‘ry last 
one can have a bottom with any perforation. An c'xact fitting 
movable die forces the soft gutta-percha through these hoh'S. 
The strainers (which are in construction not unlike the hy- 
draulic presses for vermicelli production) are sometimes su])- 
planted by filter presses. The gutta-percha is so thoroughly 
worked in these presses that all the retained air and water are 
removt'd, and the material is one homogeneous whole. To 
permit of more convenient storage and handling of the whole 
material until it is used for manufacturing, it jiasses a set of 
shafts where it is cut in thick and thin sheets. These rolling- 
mills consist of two vertical or slanting rollers, one on top of 
t another; they have very smooth surfaces, and are similar to 
the calenders used for the production of caoutch()uc. The 

material is placed between the rollers in front of the mill ; w;hen 

c 
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the sheets leave they are taken on by an endless cloth and 
transported away. 

The future product requires in most cases a special densi&y, 
elastic or other el(?btric properties, which are only seldom founds 
to the needed extent in a quality of raw gutta-percha, and the 
manufacturer has therefore oft('n to mix several kinds. Only 
practical study and experience have led to good results, and, 
just as with caoutchouc, the production remains a close secret. 



Fi(». 26 . 


The mixing of gntta-perclia with oth(‘r materials, as described 
ill tlft case of caoutchouc, is rare, and manufacturers desiring 
good qualities do not think of it, as it always means a lowering 
of the quality, which cannot he justified hy a reduction in 
price. The same apparatus an' used for mixing as for knead- 
ing. 

Like caoutchouc, so also gutta-pi'rcha suffers from washing 
and kneading, lyid shows a not inconsiderahle reduction of the 
original weight, which difl’ers accoi’ding to origin, (piality, and 
other properties.^ ddie hetter (piaiity loses, as a rule, 15 to 20 
per cent.g medium qualities 20 to 25 per cent., and inferior 
sorts suiTer sometimes a reduction up to 50 per cent. 

IJlie further operations for producing the many required 
g^oods are the same for gutta-jH'rcha as^or mivulcaniseS, mixed, 
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and rolled caoutchouc sheets. On the whole the manufactur- 
ing process is more simple than for caoutchouc, because gutta- 
pbrcha is more plastic, can l)e more easily moulded, the seams 
’^can be joined without difficulty, and the difficult vulcanisation 
plays no part in the production. 

Gutta-percha is in many cases a good substitute for leather, 
and is sometimes to be preferred. It is most useful in moist, 
damp, cold places, or for acids. It is used for tubes and pipes, 
for cold water, beer, vinegar, wine, and acid conduits; for 
driving-belts which have to run in the damp; for pails, ladles, 
bottles- syphons, and funnels in chemical factories; also for 



studs and rings for pum[)S and hydraulic presses ; foi^ washing- 
drums ; for spinning-rolls ; for roller covers in cotton mills ; for 
photographic purposes, cases, and diving rods, and to make 
galvano-plastic moulds and matrices. For surgical purposes it 
is serviceable, and pure gutta is used for filling hollow teeth and 
for making new ones ; when rolled as thin as paper many sur- 
gical bandages arc made of it. As thin taffeta it is found 
inside hats and caps to prevent grease or perspiration going 
through ; and is also used for dress-preservers and so-called 
flower-paper for the production of artificial flowers. Men’s 
garments arc often joined by means of it (in North America) 
instead of sewing them. An important application is its use 
for covering fulminating fuses for blasting, by means of which 
these can be laid through water without becoming.useless- The 
most iniportant application of gutta-percha is as insulating 
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material for electric conduction, especially submarine cables 
and those which have to be laid in the soil. For cable prodiif- 
tibn it is quite an ij^dispcnsable material, and some great prac-^ 
tical results of the electric industry must be credited to gutta- 
percha, which supplies so many of its requirements. 

The cuttings and the old material which the consumers return 
after use are of much greater value than those of caoutchouc ; 
they are fairly pure, not mixed with foreign substances, and not 
vulcanised. The scraps loft in manufacturing can at once be 
used again. The value of old material depends on the degree 
of oxidation and the chemical influences which certain acids 
and high temperature have had on the material. Old material 
of the latter kind is often nearly useless, whereas, if it is only 
oxidised, it can be treated with a hot solution of caustic soda, 
with benzin or turpentine, or by washing, kneading, and mix- 
ing with fresh virgin mah'rial, making it a part of a new 
substance. 

The vulcanisation of gutta-percha can only be mentioned for 
its historical interest. As already stated in the introduction, 
the material has been treated with sulphur, and by the same 
methods as applied to the vulcanisation of caoutchouc. Total 
failure was the result ; the good and characteristic properties 
of the gutta-percha were destroyed by the process without 
giving it advantages in any other directions. The vulcanisa- 
* tion of gutta-percha has, therefore, been entirely abandoned. 




B a I a t a. 

Just as gutta-percha was at first taken for caoutchouc, so 
bala^ta was looked upon as gutta-percha. The possibility of 
mistaken identity was in this case much easier, as the charac- 
teristic differences of balata and gutta-percha are not so marked 
as those of gutta-percha and caoutchouc. But the differences 
exi^t, and since the beginning of the ’eighties it has been in- 
sisted on that the material is dillerent from the other two. 

Balata is first mentioned in a published report to the Society 
of Arts in 1857 by Professor Bleekrode. He describes balata 
as Surinam gutta-[)ercha, and drew the conclusion that the 
material was identical with the Isonandra gutta. The Colonial 
Secretary of British (luiana sent a sample of balata collected 
by Van Holst at Berbice to the secretary of the above-men- 
tioned society, which was later on sent to the Kew Museum. 
The Society received further samples in 1864 fiom Sir William 
Holmes in reply to an offer for the best gutta-percha substitute. 
Holmes mentioned iu his letter that he was a British Guiana 
Commissioner at the International l^lxhibition in 1862, where 
he exhibited ^ lb. of balata, which was given to Charles Han- 
^cock, who spoke very highly of it. This sample found, later 
on, its w^ay to Ivew also, where other samj)les from James 
Collins from British Guiana (1868), Governor Longdon, of 
Trinfdad ri874), Im Thurn, of Demerara (1882), and G. S. 
Jenman (1884) are^ preserved ; th(‘. last mentioned sent also 
balata •milk, and balata samples produced with the help of 
spirits of wine. 

The balata is, like the gutta-percha, the dried milky sap of 
plants of the Sapotacea family, exclusively belonging to the 
Mimusops genus, which can be found in all parts of the globe. 
But Mimusops supplying balata have been found only in the 
Antilles and Bahamas, Venezuela, British, Dutch, and French 
Guiana, and SQmc parts of Brazil ; on the west coast of the 
equatorial territory in Africa, Abyssinia, Angola, Madagascar, 
and the Mauritius Isles ; in Australia, in Queensland, and also 
in New Zealand, and all known export has hitherto only taken 
place*from one of these places. 

^The Mimusops balata (Gaertner) se^s to be the ^me as 
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Mimusaps halata (Blume), the Achras halata (Oublet), the 
Lucuma mamosa (Dc Vriese), and the Sapota Muclleri 
(Blume). The leaves are glossy, oval, and pointed, petiolate, 



4 to 6 inches long, and 2 to 2J inches wide ; they are alternate 
on the ends of the branches. The illustration of the balata 
branch with fruit is taken from Professor Blcekrode’s' report 



Fio. 29. — Miinu.sop8-Balata. 
1. Blossoms. 2. Seeds. 


published in 1857. The flower has six pai:ts, the corolla is 
white and about half an inch in size. The fruit ifi round or 
oval, palatable, and tastes like a plum. The latex of the tree 
diluted with water is used as a drink by the natives. The 
Mimuso))S halata grows/ on sandy or clay banks only a few feet 


Tabulated Synopsis of Bala^-supplyin^ Plants of the Sapotacea Family. 


balata 
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pver the level of marshy swamps. They are found in Jamaica, 
Trinidad, Venezuela, British, Dutch, and French Guiana, and 
some say also on the Amazon Eiver. They are widely dis- 
tributed over the alluvial lowlands of British and Dutch 
Guiana, between the hanks of the Berbicc and the Corentyne. 
Large numbers of trees are to be found here, but collecting is 
difficult owing to the density of the forest, in which the trees 
can only be reached by boat. The trees grow slowly, they 
reach a height of 120 feet, and have a wide branching crown. 
The cylindrical stem is 60 to 70 feet high by a diameter of 
4 to 5 feet; it has hard wood, weighs about 88 lb. per cubic 
foot, and is used for buildings and mill rollers. Owing to its 
red colour the wood has, in the Dutch colonies, the name of 
“ paardenflesch ” (horseflesh). 

Besides the Miniusops halata, the following other Mimusops 
trees supply balata : — M. electa, M. globosa, M. speciosa, M. 
Schimperi, M. Kiinwiel ; also the Lucumus trees L. gigantca, 
L. fissilis, L. lasciocorpa, L. Imiri folio, L. procera, and a few 
trees of the Crysophylla genus. 

The table gives all the plants belonging to tlie Sapotacca 
family and supplying balata, their scientific and local names; 
their origin and the names of botanists and explorers who have 
dealt with the plants are also given. 

To collect the balata latex it is not sufficient to make a few 
cuts in the bark as with caoutchouc plants, the latex of the 
Mimusops is so thick and coagulates so quickly that every 
incision would soon be stopped up. The VeneziielaTi collectors 
cut, therefore, the stems off at the root, lift these on r jsts, and 
let the latex run out of the foot-wide incisions into pails. By 
means of this barbarous method, about three to six kilogrammes 
of balata were obtained from a medium-siz(al tree. To- 
day, hand presses are used which submit the bark to a strong 
pressure. One press supplies nine to thirteen litres of latex 
per hour, equalling about two to three kilos dry balata. In a 
district including the Venezuelan provinces Oumana, Barcelona , 
and Isle Margarita, very large trees are found which give 
several hundredweights of balata by the last-mentioned method. 
This system of destruction is very lucrative and has spread 
far and wide; if it is continued the Manturiii district will, in 
spite of its great natural resourci's, soon be exhausted. 

In Dutch Guiana, especially in Surinam, the trees are tapped 
and thejjark is cut up to a lu'ight of twenty feel. TheGn- 
cisions are connected, aifd the lah'x runs from one groove to th® 
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other until it reaches the lowest, where it is colleCtecl (like 
caoutchouc) in a calabash or gourd V^ottle, and comes afterwards 
in a tank wdth a handle called “ goobe.” The latex is either 
sold as such in the goobes or it is poured into w^ooden evapora- 
tion plates in which the watcu* evaporates, leaving a J-inclT 
skin on top, wdiich is taken oil and dried on a line. The dry- 
ing takes several weeks, as the balata skin is hard and retards 
evaporation. A gallon of latex gives 4 lb. dry balata. A fairly 
clever workman coll(‘cts 4, and an expert about 10 gallons per 
day. In Dutch Guiana the collection is rc'gulated, and the 
qpllector has to pay th(i Government five cents per hectare for 
a permit. Alost collectors hire a district of about 200 hectares 
JVnd more. The natives from the Jh'itish colonies are hired, 
and they are bound to su])ply their whole harvest for a certain 
price to the e]n])loyer. The collectors work generally in groups 
of three or four, find their owvn lioard and lodging, and the con- 
tractor only sends them in canoes to the collecting ])laccs. As 
a rule the steins are tapped one year on one, and the next year 
on the other side, and by careful handling the tapping can be 
repeated a lew years later. The results depend much on the 
weather : when it is very dry the boats cannot easily cross the 
many rapids. The undertaking is as a whole a risky one, and 
bad weather is unfavourable to contractor and collector. The 
forest climate is very unhealthy for all Europeans, the forests 
are generally very dense, letting in no simrays, the drinking 
w'ater is full of vegetabh' impurities, and fever and rheuma- 
tism are prevalent amongst the collectors. 

'J’hc collecting method in British Guiana is the most rational. 
4he stein receives several longitudinal incisions, between which 
the J^ark is taken mlf, but the liber remains, and soon a new 
bark is formed. It is best to remove the bark in alternate 
rectangular pieces. The removed bark is pressed, and 
a inediuin-siz(‘d tree supplies by this method about 2 lb. of 
balata , but it must be takem into consideration that the process 
riD be annually repeated and the alternate pieces of bark 
taken off. The latex runs more abundantly during the rainy 
period, when the coagulation takes also more time. The 
native gatherers maintain the latex to bi' more abundant dur- 
ing a declining fnoon phase*, an observation which prejudices 
also magny European farnu'rs. The latex, here called * 
purvio,” is collected in wooden tanks, as iron tanks turn the 
inaterial blAck and reduce the commercial value. ^ 

► Baw balata is grey, brown, or whit%h-red, wdth dark specks 
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and veins ; it looks like dry hides and feels rough. Grey balata 
comes on the market in 30 x 15 inch blocks ; red balata comes 
in sheets or plates from i to | inch thick, and shows the shape 
of the tank in which the latex has been drie^l. The commer- 
cial balata contains few foreign substances and little bark, but 
the natives often adulterate the balata wdth salt and clay. 
The adulteration averages about 10 per cent. The balata of 
the Miniusops balata and the M. (jlobosa is particularly valu- 
able ; it has the especial property of little elasticity, a point 
which makes it specially serviceable for diiving-belts. The 
price for balata is, if not the same, higher than that for gutta- 
percha. It is difficult to obtain reliable commercial statistical 
data for balata. 

Dr. E. F. Obach gives, in his repeatedly mentioned “ Cantor 
Lectures on Gutta-percha,” valuable statistical details about 
prices and exports of balata from English and Diitcli Guiana. 
These details were taken from Government re])orts, ri'ports of 
the Director of the Colonial Museum at ITarkun, and a report 
of Consul Churchill of Paramaribo to the Marquis of Ralis- 
bury. The reports picture the trade for the years 1885-96 as 
follows : — 


Export of Hiutish Guiana. | 

Exi’okt of Dutch Guiana. 

Year. 

Cwts. 


Year. 

CwtH. 

Value. 

1885 

496 

T2,213 1 



N A. 

1886 

606 

2,979 i 




1887 

723 

3,498 ! 




1888 

2,219 

14,069 

1899 

30 

Tllb 

1889 

3,245 

15,625 

1890 

1,502 

7,951 

1890-1 

2,025 

10,078 

1891 

1,882 

11,950 

1891-2 

1,039 

1 6,807 ! 

1892 

2,375 

15,086 

1892-3 

2,190 

11,296 

1893 

641 

5,424 

1893-4 

1,832 

8,283 

1894 

2;i3‘^ 

18,047 

1894-5 

1,870 

11,484 

1895 

2,631 

22,281 

1895-6 

1,424 

1 8,923 ij 

!l 

1896 

2,480 

21,000 

Total. 

17,605 

£95,255 


13,673 

£101,805 
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This shows the lowest average price for the period Tor British 
Guiana balata as 9.13 pence per lb. in 1885, and the highest as 
14.17 pence in 1888, whereas the lowest Dutch average price 
for the same quantity is 9.07 pence for 1889, and the highest 
average with 18.T.4 for the years 1893 and 1896. These pri^h 
calculations depend on the declaration value on the export 
market. The sale price at Liverpool, London, Marseilles, 
Eotterdam, and Hamburg, was not much higher, and oscillated 
in London between 13 pence and 30 pence per lb. for sheets and 
block balata. 

^ Foi the period 1895-1901 the picture changed according to 
other sources in the following way 


Export of British Guiana. 

Export of Dutch Guiana. 

Year. 

cwts. 

cwts. 

kilos. 

Imported to 
Holland in kilos. 

1895 

1498 






1896 

2977 


— 



1897 

3854 

3137 

195,263 

120,323 

1898 

4C29 

2234 

113,431 

59,594 

1899 

1988 

2336 

118,601 

117,769 

1900 

3687 

4113 

208,805 

204,134 

1901 

3002 


(?) 

(?) 


The principal markets for balata in Europe are London, 
Eotterdam, and 'Hamburg. The following statistics show the 
price movement on these import markets : — 


Balata prices in London. 


Surinam leaf (per lb.). Venezuela block (per lb.). 


1897 . . . 

2/ -1/74 

l/6i-l/6i 

1898 

1/6H/6 -1/9 

1/3 -l/4i -l/2i 

1899 

i 

2/44-1/11-2/5 

1/94-1/5 

1900 

2/4 -2/6i-2/5 

1/9 -2/11 -1/8 

1901 

2/5 -2/4 2/7J 

1/74-2/1 . 

1902 

• 

2/5 -2/7 

2/l^lA0i-2/2 
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Balath prices in Hamburg {price per kilo in Marks). 



Beginning 

Middle 

End of the year. 

1897 

3.55-3.50 

3.45 

2.85-2.75 

1^8 

2.75-2.85 

2.95 

2.65 

1^99 

LO 

o 

3.\i0 

3.50-3.75 

1900 

3.85 

4.30-4.55 

4.25-3.80 

1901 

3.80 

3.65-3.60 

3.80-4.10 

1902 

4.25-4.60 

4.30-4.40 

4.45-4.80 


Balata Prices in Rotterdam. 


Yeah. 

Impoht in 
Tons. 

SvKJNAM Leaf : 

Price in Marks per Kilo. 

Import in 
Tons. 

Venezuela Block : 
Price in Marks per Kilo. 

High- 

est. 

Lowest. 

Average. 

High- 

est. 

Lowest. 

Average. 

1897 

153 

4.85 

3.65 

4.20 

60 

3.70 

3.50 

3.60 

1898 

80 

4,10 

3.65 

3.95 

159 

3.40 

2.75 

3.00 

1899 

95 

5.30 

4.10 

4.50 

52 

3.15 

2.90 

3.10 

1900 

162 

5.40 

5.25 

5.30 

23 

4.0 1 

3.15 

3.85 

1901 

212 

5.80 

5.35 

5.45 

31 

4.0 

3.75 

3.90 

1902 

190 

5.70 

5.20 

! 

' 5.40 

50 

4.75 

3.75 

4.40 


The figures for 1902 include only the first ten months 


The greatest ditrerence between gntta-pereba and Balata’ is 
shown in the influence of the air. Several qualities of gutta- 
percha become in the air comparatively quickly resinous, hard, 
and brittle, and this not only aiTccts the surface but the whole 
substance, whereas balata remains for a long time quite un- 
afTected, Balata is softer under ordinary temperature and does 
not become so firm as gutta-percha when cooled. Balata cools 
very slowly and transmits this peculiarity when mixed with 
gutta-percha. Hoated, it gives the same agreeable smell as 
pure gutta-percha which has been heated und(;^T w^ater and 
brought to a boiling-point. The specific w^e^ght of balata is 
1.05, it can be cut like gutta-percha, but is much toucher than 
it. It can be fully dissolved in turpentine, benzin, and bisul- 
phide of carbon when heated, but like caoutchouc it resista.all 
corroding alkalies and ^Iso nitric acid. Balata carbonises 
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under the influence of sulphuric acid. At an ordinary tempera- 
ture balata is a horn-like substance, but when heated to only 
about 125^ F. can be moulded to any shape. • 

If the commerdal material is cleaned in boiling water wftb 
the addition of sonu' acids, and them washed in boiling alcohol, 
a substance is obtained which, when dissolved in bisulidiide of 
xjarbon^ filtered and (‘vaporiscal, gives, according to Sperlich, 
the same compound as gutta-[)(a*cha : — 

Carbon . ' . . . . • 88.5 

• Hydrogen 11.5 

The manufacturing procc'ss of balata is similar to that of gutta- 
’ percha, the same apparatus and machinery can be used. In 




Fio. 30. — Endless join in Balata-belting. 

some instance's the method is more simple, because balata con- 
tains as a rule fewer impurities, and the articles made of it are 
not used for such special purposes. A simple washing in the 
r,olling-mill or hollander is often suflicient preparation. A few 
qualiti('s supply a very homogeneous substance when kneaded, 
bi^t it retains too much elasticity, and remains adhesive. The 
purified balata is k'ss smooth than .eutta-percha, and if not 
mixed with the latter it can only b(' used for certain purposes. 
Unmixed, it cannot be used as covering for wires for in- 
sulation, and mixing with the best gutta-percha does not make 
it as suitable a material as [)ure gutta-percha even of second 
quality. The admixture of balata with gutta-percha and 
caoutchouc gtves these on the other hand tlfe needed properties 
for certain^ purposes. Balata is used independently of other 
materials for matrices and moulds for galvanic purposes, soles 
for b(X)ts, dress preservers, and preferably, for driving-beltS, 
for which it is very suitable owing to its great toughness. 
'I’hese b(?lts must not be used in too hot a tem]icraturc as they 
become sticky. Thi‘ manufacturing process of balata belts is 
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analagous to that of rubber belts. As in the case of rubber 
belts the best cotton tissues are used, and these are brushed 
over with prepared material on a calender. As many layers 
gps are needed are placed one upon another, fed sown longitu- 
dinally to give them a better grip, a cover sheet is added and 
the whole product placed under strong pressure. The belts 
need no vulcanisation, a point hardly worth mentioning. It 
is an advantage in some localities that these belts can easily be 
joined. To make a good joint the two ends are heated until 
they become sticky ; the layers of the belts are loose under this 
condition and the ends are placed one upon another. The 
edges are now laid one on another, at an angle of 45 degrees, 
for about an inch, pressed out with an iron, and the connected 
belt is replaced in its old folding, and the joint part is pressed 
or ironed. As soon as the joined piece had become cool it can 
be used, and runs as an endless belt without a jerk. For this 
reason balata belts, joined by this method, are of special use 
for driving dynamos. 



List of the Principal Articles made ol^ 
Indiarubber, Gutta-percha and Balata. 

1. Soft Rubber. 

I. Articles for Technical Purposes. 

(a.) Packing niaterials. 

Eubber sheets with or without inside layers or covers of hemp, 
cotton, jute, or asbestos texture, of lead, brass, or iron- 
wire gauze ; with or without inside layers or covers of tinfoil ; 
all these also combined with asbestos, for steam, water, gas, 
and acid packings; condensation rings, discs, or ropes for the 
same purposes ; man-hole discs and ropes ; stuffing box covers ; 
greased cotton ropes with rubber wire ; rings of solid and 
hollow rope (compression rings, etc.), or of hose (water gauge 
rings, etc.). 

(h.) Valrcs, buffers, pads, etc. 

Pump and valve lids for hot and cold water, etc. ; bellows 
lids ; pump and other valves : cups for hydraulic presses ; cones 
for vacuum lockers ; stoppers for chemical laboratories ; buffers 
for rail and tram carriages, etc., and for all kinds of shock or 
pressure ; brake blocks. 

. (c.) IJosc. 

• • 

Suction and pressure hose with or without inside layers or 
covei« of hemp, flax,. cotton, jute, or asbestos texture ; with or 
without an inner or outer spiral of metal plaiting, etc., for 
water (garden and street watering, fire-engines), steam (pile 
box, heating tubes for railway carriages), acids, wine, beer, 
oil, petroleum, gas, compressed air (Carpenter and Westing- 
house brakes), etc. ; tubes for windows and doors, with or with- 
out grooves ; gummed hemp and cotton hose /or salvage pur- 
poses ; gummed hemp spiral hose. 

(d.) Dritnng-hclts and ropes 

for all kinfls of transmission ; elevator straps, cofiveyer belts fo. 
silo^tore rooms, sugar refineries, ore and coal mines, dredging 
machines, etc. 
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(e.) Roller covers 

for' all kinds of rollers used in paper factories, woollen and 
cotton mills, leather factories, cotton printing works, for 
wringers, typewriters, and printing machihes. 

(/.) Pneumatic and solid tyres 

for cycles, carriages, cabs, automobiles, etc. ; wheel covers for 
transport cars, trolleys, etc. ; pedal and other rubber parts for 
cycles. 

ig.) For electrical purposes. 

Bubber tapes for cable factoiaes ; insulating bands ; split 
tubes ; gloves for enginec'rs, etc*. ; insulation caps for telegraph 
poles, etc. 

(h.) Other special articles. 

Printing cloth, card, and other cloth, for spinning and print- 
ing mills ; endless cloth for carrying machinei’v ; Betinier sheets 
for cloth factories; cover cord and bolting leather for paper 
mills ; hat shapes ; sinking funnels for sugar factories ; catch 
straps; gas bags for gas motors; gas stop 1) ladders; malting 
soles and boots; acid balloon clearer; caoutchouc lac for water- 
proofing paints and as prc'ventative against fur in boilers; 
rubber solution as sticking paste. 

2. Articles for Surgical and Nursing Purposes. 

Air and water bags; seating, heel, head, throat, back 
cushions, etc.; air and water beds; bed-pans; ice bags; baby 
bottle rubbers; tooth rings and cushions; milk pumps; cup- 
pers; dropping counter; eye, ear, nose, and clyster syringes; 
probes, pessaries; palottcs ; urine bottles; bandages of all 
kinds ; arm and muscle di'velopers ; gloves for operators ; single 
and doubk.'-gumnu'd bed-sheeting, also double material with 
inside' rubb('r layers. 

3. Articles for Household and General Purposes. 

(a.) Mats and floor covers. 

Solid or perforated; washstand and bathroom carpets. 

(h.) Special articles. 

Billiard-table cushions ; skittle balls ; door stoppers ; air 
pushes for pneumatic bells; pneumatic hangers fof shop win- 
dows ; signal lamps ; horse shoes with rubber j^ufiers ; shoe 
proteetbrs ; stirrup inl^yers ; curb chain protectors for horses ; 
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brake blocks for carriages ; bottle-stoppers of all lands ; pre- 
serve glass covers ; erasing rubber ; rubber stamps ; copying 
leaves; rubber bands for poclad-books, papers, arm bands and 
garters, etc.; thread rings; umbrella rings; tobacco pouche^; 
drink and dice cups ; l)athing tubs ; bathing caps ; swimming 
belts ; hot-water bottles ; bellows for perfume sprayers ; dress 
preservers ; balloons and rubber balls ; dolls and figin’es. 

4. Elastic Cloth. 

Straps, belts, and T'ibbons of all kinds; thnaids surrouruh'd 
Y'ith thread ; braec's, belts, gai tc'rs ; ('lastie cloth for boots, etc. 

5. Waterproof Materials, etc. 

Bingle faced atul doiibk' faecal mackintoshes; double cloths 
with rubber c'liclosc'r : single* and doid)le rubbc'r for air balloons ; 
air balloons; bc'd-slu'iuing ; bags for dynamite* and powdf'i* : 
gas and air-bags; covers for railway and other ciirriages ; shi]) 
(a)vc*rs : barrack l)lank(*ts ; horse* blanke'ts; travelling ?aigs for 
carriages and sledge's; tents; we'athe'r cloths. 

“ 6. Waterproof Clothes and Boots. 

Ttain-coats ; caps ; gaiters ; aprons ; pe'rfe*ct outfits for diveu's, 
millers, sailors, anglers; southwe'sti'rs, liats, and caps; rublier 
galoshes and boots of all kinds; gymnastic and te'imis shoos; 
shoe soles and heels. 

II. Hard Rubber. 

* I. Articles for Technical Purposes. 

Plates, sticks, sheets, tube^s, muffs, flange-s, curvatures, 
knee-pieces, and fiiee^es for conne'ctions ; suction and press 
pumps (tly and membrane pumps); air chamber; fimne'ls ; 
suction flaskets ; syplmns ; rcc('[)tacles of all kinds ; outfits tor 
centrifugals, drums, evaporating pans, and vessels of all kinds ; 
spinning rolls (booses’); roll(*rs; accumulator cases, battery 
cc'lls ; insulation caps ; insulation tube's ; tek'phone mouth- 
pieces and case« ; handles and craidcs for e'lectrical and other 
apparatus, etc. 

2. Articles for Surgical Purposes. 

Ryringes; stethoscopes; audiphones ; eartuhes, and instru- 
mei^ts of all kinds. 
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3. Articles for Household and General Purposes. 

Skittle bells ; trays for bottles and glasses ; sprays ; drinking 
cups; paper-folders; rulers, curves, and angular pieces for 
uraughtsmen ; knife handles; shells for sable handles, pistol 
and rifle butts ; handles of all kinds ; weights and trays for 
scales ; powder spoons ; mouthpieces for whistles and speaking- 
tubes ; walking-sticks ; buttons ; thimbles ; needle-cases ; match- 
boxes ; combs; jcwelhTy, brooches, earrings, bracelets, watch 
chains, medallions, etc. 


III. Gutta-percha. 

I. Articles for Technical Purposes. 

Plates, slieets, rings, ropes, discs, etc., for cold-water pack- 
ing ; cuff's for hydraulic presses ; cups and capsules for pumps ; 
acid pumj^s ; driving-lxdts and ropes ; tubes ; suction baskets ; 
taps; funnels; bottles, stoppers, tubs, pails, cups, watering- 
pots; siphons, trowels, saddles, diving sticks, etc.; measures 
and weights ; washing drums ; spinning rolls ; matrices ; roller 
covers ; discs for glove factories : Chattenion’s compound ; igni- 
tion fuses ; gutta-percha veins for cable factories. 

2. Articles for Surgical Use. 

\futta-percha paper for compresses and bandages, also for 
hat, cloth, and flower factories; ear tubes; probangs and 
probes ; tooth enamel ; urinal bottles, chamber pots, «'>nd wash- 
ing basins for asylums, etc. 

3. Articles for Household Purposes. 

Trays for glasses and bottles ; mouthpieces for whistles and 
speaking-tubes ; sticks and riding-whips, etc. 


IV. Balata. 

Driving-belts; dress preservers; shoe soles ;' sheets, ropes, 
rings, etc., as for gutta-percha. ' 
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NATIONAL TELEPHONE No. 6942 

CABLE AObftESS 
LIVERPOOL - MAYFLOWER 
NEW YORK - SOMERVILLE. 
A.B.C. & LIEBER'S CODE USED, 

• 

2 Cooper's Row, Liverpool. 

American 

Reclaimed Rubbers 
and Talite. 

Also Gutta-Percha 
and Hard Rubber 
Substitutes. 

Establjshe^d 1866. 

WM. SOlVIERVILLE’S SONS, 

3 Cooper’s Row, Liverpool. 

118 & 120 John Street, New York,JLI.S.A. 



C. 8. SOMERVILLE 
A. P. SOMER^LLE 


8 COOPERS ROW, 118-120 JOHN STREET. 

LIVERPOOL. ENGLAND. NEW YORK, U.8.A. 



INDEX TO ADVERTISEMENTS 


Bertrajms, Ltd., Edimu juih . . . . 

Brkiht, J., Bros., Ltd., Bochdale... 

Coleman, W. C., Co., New York, IJ.S.A. 
Egestorff’s, G. a/o.. Linden, Germany 
Earrel Foundry cl’ Maciune Company, .\nsonia, U.S.A. 
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Iddon Bros., Jjtd., Levland, Lancashire 
Kuhn & Co., London, E.C. 

Kobinson, J., (I Co., Salford, Manchester 
Boyle, J., d Sons, Paterson, U.S.A. . 
Schnurmann, j., London, N. . 

Somerville’s Sons, W., Liverpool . 
Stott, Jas., Ltd., Oldham . 

Typke & King, London, E.C. . 
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Telephone No. 279, Avenue. 

Telegraphic Address— “VALERIANIC/* LONDON. 


Lieber s Code Used. 


TYPKE & KING, 

India-Rubber Chemists 


CHEMICAL 

MANUFACTURERS. 


I ESTABLISHED 1883. 



WORKS— 

GROWN CHEMICAL WORKS, 
MITCHAM, SURREY, and 
RAINHAM, ESSEX. 


LONDON OFFICES— 

16 MINCING LANE, 
E,G. 


SPECIALITIES: 
ANTIMONY GOLDEN SULPHDRET 
.CRIMSON SULPHURET, fine shade. 



brand 


Always contains SAME CONSTANT PERCENTAGE of FREE SULPHUR. 

INDIA-RUBBER SUBSTITUTE ‘ 

WHITE and DARK INDIA-RDBBER SDBSTITDTES, FLOATING. 

Also Ordinary White & Dark I.R. Substitutes. 

CHLORIDE OF SULPHUR, 

Five, free from Dichloride, Specially prepared for Rubber Work' 

BLACK HYPO and BLACK PIGMENT, 

* Special, VERT FIHE. 

CARBON TETRACHLORIDE, CADHIDH YELLOW. 

Pigments for Enamelling and 5urgical Work, 
5ULPHUR. Finest, 

Free from Acid. Special for Rubber. 

VEGETABLE BLACK, 

Special and Extra. , 

LITHOPONE. ZING OXIDE. ZINC SULPHIDE. 

• — — — — — 

Samples and Special Quotations on application. 

• — • 

Agents in Birmingham, Glasgow & Manchester. 
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PDiladelpDia 
Rubber Works 

Original IRanufacturers or 

Reclaimed 

Rubber 

Pbiladeipbia 

U.S.jl. 

?oreign RepresenraUm 

Sot Occat ascitain got tbc ContCiiciit 

Iknbn « Co. D. p. aooorbousc 

18 Buhc Street, aiogate 29 'Rue bea Pet(te6s:4ciitlc0 
lonbon, JE.C. Paris 
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ADVRHTISRMENTS 


Farrel Foundry & Machine 
Company, ‘ 

ANSONIA, CONN., U.S.A. 



STANDARD THREE-ROLL CALENDER. 


Largest Manufacturers in the World of Rubber 
Machinery. 

CALENDERS, GRINDERS, MIXERS, CRACKERS, 
WASHERS, WARMERS, and REFINERS. 

HYDRAULIC BELT PRESSES 

WITH HYDRAULIC STRETCHERS. 

c 

MULTIPLE HEEL and SCREW PRESSED, 

PUMPS, ACCUMULATORS, and FITTINGS. 
HEAYY gearing, SHAFTING, &c. 
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IF YOU AEE CONCERNED in the straining 
or purifying of Rubber, this machine may interest 
you. It has capacity for delivering compound in 
• large volume which is essential for such work. The 
machine is very massive, strong, and durable, wRich 
is likewise a requisite. It is alike useful for various 
otter purposes as well, where large die area is in- 
volved, such, for instance, as wagon tire work. This 
machine is only one of a series of tubing machines 
that we make We construct tubing machines in 
large variety. Machines that are useful for widely 
varying conditions. We make an exclusive 
specialty of tubing machines, about which we 
would like td correspond wuth you 

JOftN ROYLE & SONS, 

PATERSON, N.J., U.S.A. 

' <• 
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JAMES STDTT 

Limited 

COTTON SPINNERS, DOUBLERS 
AND MANUFACTURERS 


CANVAS 

Foi? various purposes (Meohanioals, &o.); in all 
widths and qualities. 

DUCKS 

For Belting, Hose, Packing, Shoes, Tyres, Water- 
proofing (Yarn Dyed), &o. 

FABRIC 

For Pneumatic Tyres (Cycle and Motor), in various 
qualities. 

SAILCLOTH 


COLDHURST HALL MILLS ) „ 

WERNETH MILLS I 
And 6 & 10 MARSDEN STREET. MAHCHESTER 


Nat. Telephone : 

COLDHURST HALL MILLS 214 
WERNBTU MILLS 167 
MANCHEmR 2222 


TeleA>'&phio Addi^iei: 

•‘DOUBLER, OLDHAM” 

•MO MARSDEN ST., MAIfCHEBTBR” 
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T«le^MM-.“OPAL, MANCHESTER" National Telephone No. 783 

ESTABLISHED 1842. 

JOSEPH ROBINSON & CO. 

SPRINGFIELD LANE IRONWORKS 

SALFORD, MANCHESTER 

ENGINEERS AND IRONFOUNDERS 

MAKERS OF MACHINERY FOR 

India Rubber and Guha Pergha 


OLD WASTE AND RECLAIMED RUBBER 

Ja SCHNURMANN 

DOWNHAM MILLS, 27-29 DOWNHAM ROAD 
LONDON, N. 

Telegraphic Addreai— Telephone— 

USUALNESS, LONDON." No. 181 , DALSTON 

CORJ^ESPONDBNCE INVITED 


First Qualities. Brand 

ANTIMONY GOLDEN SULPHURET 

Always contains same constant percentage of Free Sulphur 

Action Qes. Qeorff Eaestorff’s Saizwerke, 
Unden, near Hanover, Germany 

. ^ — » 

Sole Agents— ZIMMERMANN & RAAB 

^ f - aatT *r/\ia o'r o »» nr t rManrvTa u' r» 
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JOHN BRIGHT & BROS., Ltd. 

ROCHDALE 

• 

HAIR BELTING BELTING DUCK 

TYRE CLOTH H03E oycK 

SAIL CLOTH 

TENT CLOTH MOTOR DUCK 
SHOE DUCK COTTON YARNS 


IDDON BROTHERS, Ltd. 

ENGINEERS, 

INDIA-RUBBER MACHINISTS. 

, Telegraphic Address— « 
^ "IDDON, LEYLAND." 

^ Telephone Number— 

4 LEYLAND. 


Plang for Erectton and Completion of 
NEW RUBBER WORKS throughout, on 
the Most Modern Principle. 


Specialities: Ail kinds of RUBBER MACHINERY. 


BROOKFIELD IRON WORKS, 

Leyland, near Preston, England. 


W. C. COLEMAN COMPANY, 

NEW YOBK, 

U.S.A. 

" BOUGHT AND SOLD. * 

EXPERT GRADERS. WASTES 


Correspondence Invited. 
C 








